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CHAPTER 1 
INTRODUCTION 
The Middleton Tyas-Sleigbtbolme anticline i a an E-W 
structure lying across some 130 square miles of country between 
the towns of Barnard Castle i n County Durham and Richmond i n the 
North Riding of Yorkshire. I t occupies ground which gradually 
r i s e s from 2001 O.D. i n the east to over 18001 O.D. on b i l l tops i n 
the west. This easterly slope i s general over the Northern 
Pennines as a whole, and may be regarded as a gently t i l t e d plateau 
surface across which a l l the major rivers flow i n an easterly 
direction. The area to be described l i e s between two of these 
major riv e r s , the Tees and the Swale, and thus l i e s entirely within 
the North Riding of Yorkshire. Much of the eastern part of the 
structure i s covered by relatively low-lying arable and pasture land, 
and the underlying rock i s rarely seen (except i n quarry sections) 
because of the heavy blanket of boulder"clay. I t i s a pleasant, 
rolling countryside, however, with the high f e l l s v i s i b l e to the 
west, and when James was called to the throne of England by the death 
of Elizabeth he i s said (Gilpin, 1786) to have stopped on Gatherley 
Moor to take a look at the view, with which be was greatly delighted. 
But whether or not this was for i t s scenic value we do not know. 
Further west, particularly i n the region of the watershed between 
the Tees and the Swale, the ground i s largely open moorland, heather-
covered and inhabited by grouse, which are joined during the summer 
months by curlew, snipe, golden plover and lapwing. These moors 
often bear thick deposits of peat, which are generally'dissected to 
a greater or lesser extent into baggs. The moorland i s i t s e l f 
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Marske Moor, from tbe south, with Marske Beck i n t b e 
foreground, as an i l l u s t r a t i o n of tbe r e l a t i v e l y f l a t 
upland s u r f a c e d i s s e c t e d by t r i b u t a r y v a l l e y s . Tbe 
c l i f f i n tbe middle d i s t a n c e i s of Main Limestone, and 
i s f a u l t e d a g a i n s t the Richmond Chert S e r i e s i n the wood 
to the r i g h t . Tbe lower s l o p e s of the v a l l e y a r e 
t y p i c a l l y obscured by l a n d s l i p s . 
dissected by deep narrow valleys ( i n which run tributaries of the 
main r i v e r s ) , the sides of which are often covered with thick wood-
land (Plate 5 , p. 2 ) . The average annual r a i n f a l l here i s about 
55", but this decreases eastwards to be no more than 35" over the 
low ground to the east. I t i s i n the moorland regions"that the 
characteristic flat-topped"peat-covered f e l l s are found, along the 
sides of which run prominent features formed by differential weather-
ing of alternating beds of sandstone, limestone and shale. 
The axis of the anticline i s breached by a broad physiographic 
trough which runs through Bowes, along the line of the River Greta 
as f a r as Brignall Banks, "and continues BSE past Gill i n g (carrying 
very l i t t l e water i n t h i s part) to jo i n Swaledale 2 miles"east of 
Richmond. This depression, here referred to as the Gil l i n g valley, 
affords an excellent view of the lowest beds exposed i n the anticline, 
which make fine features along the sides of the valley near 
GilMng. 
Most of the settlements are to be found i n the main valleys. 
Apart from the towns and villages i n Teesdale and Swaledale, the 
population i s mainly concentrated i n the villages along the Gilling 
valley, and i n Bowes. Most of these people have various agricultur-
a l pursuits, while higher up on the f e l l s there are widely scattered 
and often very isolated sheep farms. In the region around 
Arkengartbdale many of the inhabitants made their l i v i n g i n the lead 
mines u n t i l about 50 years ago, but i n addition they often farmed on 
a small scale. Some of these mines had been worked from at least 
Roman times, pigs of lead having been found at Hurst which bear the 
mark of Emperor Augustus. There are now many derelict bouses and 
several almost abandoned villages i n this part, as the population 
f e l l sharply when the mines closed down, and the present inhabitants 
are nearly a l l connected i n some way or another with sheep farming. 
A large stretch of ground north of the village of Marske, some 
5 square miles i n extent, i s now used as a multi-purpose range by 
the Army units stationed at Oatterick Camp, and 6 of the 8 farms i n 
that area have been p a r t i a l l y or completely demolished as the result 
of manoeuvres. The remaining two are s t i l l inhabited, however, and 
carry a sheep population which leads a somewhat precarious existence. 
Communications within the area are i n general good. A 
branch railway line serves Richmond, and another branch (now used 
only as a mineral l i n e ) runs south from the Darlington-Barnard Castle 
railway to Porcett, and has been extended into the very' large Bast 
Layton limestone quarries. On the other band there are many roads, 
the most important of these being the Great North Road (A . I . ) . 
This Roman road i s joined at Scotch Corner by another frSm Penrith 
(A.66.), along which Roman camps are found at intervals. Two of 
these are within the surveyed area. That at Bowes was called 
Lavatrae, but the name of the one at Greta Bridge remains unknown. 
This road, which crosses the Pennines by way of the Stainmore gap, 
now holds no terrors for the modern traveller, but William Gilpin i n 
1786 described i t as '?the most unpleasant that can be conceived". 
There i s an important~pre-Eoman camp i n Stanwick Park (4 miles N.W. 
of Scotch Corner) which i s s t i l l being actively excavated. I t s 
presence suggests that these two major lines of communication were 
in existence before the Roman occupation, the camp being at or near 
thei r point of intersection. 
The Middleton Tyas-Sleigbtbolme anticline i s bounded by a closed 
4 
outcrop of tbe Main Limestone, marking the base of the Upper Lime-
stone Group of tbe Carboniferous Limestone Series. Witbin t h i s i s 
exposed tbe upper part of tbe Middle Limestone Group. Tbe a n t i -
c l i n a l structure i s complicated by a number of subsidiary domes along 
i t s axis, by f a r tbe most important of wbicb i s tbe G i l l i n g dome, 
and i t i s round t b i s that tbe Middle Limestone Group i s best seen. 
The north f l a n k of tbe a n t i c l i n e passes d i r e c t l y i n t o the important 
Stainmore syncline, but the south f l a n k i s less well-defined, and 
passes, through much-faulted ground, i n t o a shallow sy n c l i n a l area 
along Swaledale. Eastwards the structure plunges beneath the Permian 
Magnesian Limestone, wbicb overlies i t with unconformity, and westwards 
i t gradually fades out, f u r t h e r f o l d s developing en echelon and to the 
south of i t . 
The beds up to and including tbe Main Limestone f a l l i n t o 
the regular rhythmic pattern of the Yoredale Series, which consists 
e s s e n t i a l l y of r e p e t i t i o n s of tbe sequence sandstone on shale on 
limestone. Of these, tbe limestone member i s generally the most 
constant and best exposed, while tbe shale i s not often seen. Tbe 
sandstone member i s usually a feature-forming horizon, and i s easily 
followed where tbe d r i f t cover i s not too t h i c k . . But l a t e r a l 
facies v a r i a t i o n s are very rap i d i n these predominantly fresh-water 
beds, and mapping of i n d i v i d u a l horizons i s often d i f f i c u l t . Above 
the Main Limestone tbe simple Yoredale rhythm i s considerably 
complicated by the development of t h i c k cherty deposits and ra p i d 
l a t e r a l v a r i a t i o n s from and w i t h i n t h i s facies. The essential 
rhythmic character i s s t i l l present, however, even i f i n much modified 
form. 
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GEOLOGICAL SUCCESSION 
The geological succession established during the present 
survey i s summarised i n the following table. The generalised 
thicknesses are compiled from sections throughout the area. 
Recent -
Pleistocene -
Permian -
Superficial deposits 
H i l l Peat Ktver Alluvium Low Level Peat 
Fluvioglacial sand and 
gravel Glacial moraines and boulder clay 
Solid formations 
Magnesian Limestone Basal conglomerate and breccia 
unconformity 
Carboniferous -
Millstone Grit: coarse g r i t , pebbly i n part, with interbedded sandstones, shales and thin coals 
unconformity 
Carboniferous Limestone Series: 
Upper Limestone Group 
CROW Limestone and chert Ten Fathom Grit Shale Richmond Chert Series LITTLE Limestone Coal S i l l s Group Main Chert Shale 
MAIN Limestone 
Thickness i n feet 
up to 12 
at least 30 
at least 100 
Thickness i n feet 
over 50 
0 to 48 
over 100 
8 to 60 
0 to 80 
2 to over 50 
12 to 130 
0 to 8 
0 to 150 0 to 30 0 to 18 30 to 85 
Middle Limestone Group 
Sandstone and sbale 
Underset Obert 
TIHDERSBT Limestone 
Sandstone and sbale 
3 tARD Limestone 
Sbale 
Sandstone and sbale 
MIDDLE Limestone 
Sandstone and sbale 
5 YAED Limestone 
45 to 120 
.0 to 26 
0 to 20 
12 tq 65 
105 to 165 
0 to 15 
30 to 120 
24 to 30 
100 to over 145 
Sandstone and sbale 
GXLLIHGWOOP Limestone Sandstone and sbale SIMOWSTOM Limestone 
48 
70 
7 
120 at l e a s t 15 base not seen 
HISTORY OF RESEARCH 
The geology of the region" covered by tbe present survey 
bas been sadly neglected since tbe time of i t s o r i g i n a l mapping bjr 
o f f i c e r s of tbe Geological Survey p r i o r to 1890. Tbe f i r s t 
published information on tbe geology of t b i s part of tbe Pennines 
i s to be found i n Volume 2 of Jobn P h i l l i p s 1 I l l u s t r a t i o n s of the 
Geology of Yorkshire (1836), a masterly account which touched on 
many aspects of tbe subject. I t was P h i l l i p s who named the rhythmic 
succession i n the'Middle Limestone Group a f t e r tbe v a l l e y of the 
E i v e r Ure ( i n the upper part of which tbe s e r i e s i s at i t s maximum 
development), although, of course, tbe rhythmic nature of the beds 
bad long been appreciated by tbe lead miners. Westgartb Fo r s t e r 
f i r s t published a succession f o r the Pennines north of stainmore i n 
1809, and P h i l l i p s was quick to appreciate the f a c t that a s i m i l a r 
succession could be made out to tbe south of Stainmore, and recognised 
the continuity of the limestones i n p a r t i c u l a r . He remarked on tbe 
nature of features formed by the Yoredale S e r i e s , with tbe limestones 
always projecting, and noted that the p r o f i l e s of tbe Alston Moor 
b i l l s followed tbe same law. Nowhere e l s e are the features so 
e x c e l l e n t l y developed as i n Wensleydale, but they remain tbe most 
c h a r a c t e r i s t i c part of tbe landscape (and of prime importance from 
the geological point of view) i n a l l areas where tbe Yoredale S e r i e s 
i s exposed. P h i l l i p s ' name f o r these beds was adopted by the" 
Geological Survey when'the primary mapping was done on a six-inch 
s c a l e during tbe penultimate decade of tbe 19tb century. Unfortunate-
l y no accompanying memoir was published with Sheet 41 (New S e r i e s ) , 
w ithin which f a l l s most of the ground covered by tbe present survey. 
The extreme S.W corner of the map was described, however, i n the 
Mall e r s t ang memoir (Dakyns et a l . , 1891), which was issued i n 
explanation of the adjoining Sheet 40. Tbe scattered references i n 
t h i s valuable work to various problems i n and around lower Swaledale 
have provided much of tbe information known about the geology of t h i s 
region, and i t i s to tbe Mallerstang memoir that many of tbe views 
expressed by subsequent w r i t e r s on lower Swaledale s t r a t i g r a p b i c a l 
problems can be traced. 
Although the rhythmic succession i n Wensleydale bad been des-
cribed by P h i l l i p s i n 1836, i t was l e f t to M i l l e r i n 1887 to r e a l i s e 
tbe s i g n i f i c a n c e of tbe rhythmic character of t h i s type of sedimentat-
ion i n b i s description of tbe Upper Limestone S e r i e s of part of 
Northumberland. Subsequently Hudson (1924) amplified M i l l e r ' s views 
i n a description of tbe rhythmic s e r i e s i n Wensleydale which was the 
f i r s t r e a l l y d e t a i l e d account to be published on Yoredale sedimentat-
ion. Also i n 1924 Kendall and Wroot completed t h e i r book on Tbe 
Geology of Yorkshire, i n which are to be found (as well as many 
i n t e r e s t i n g anecdotes) a number of o r i g i n a l observations r e l a t i n g 
to tbe geology of the Middleton Tyas a n t i c l i n e (as i t was known by 
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the authors), and i n p a r t i c u l a r to the understanding of some of the 
important g l a c i a l features. These l a t t e r were described by B a i s t r i c k 
(1926) i n an account of the g l a c i a t i o n of the region, which has been 
f u r t h e r amplified by the g l a c i a l work c a r r i e d out during the present 
in v e s t i g a t i o n . A f t e r t h i s , no work r e l a t i n g d i r e c t l y to the area was 
published u n t i l B a i s t r i c k (1936) gave an h i s t o r i c a l account of the 
copper deposits of Middleton Tyas. These deposits, together with 
those to the north and NW of Bichmond, have now been described by 
Mr. T.Deans ( i n l i t t . ) , who considers them to have been derived from 
the former Permian cover. Two years a f t e r the appearance of 
R a i s t r i c k ' s l a t e r work, Carruthers included a s e c t i o n from S l e i g h t -
holme Beck (SW of Bowes) i n h i s s t r a t i g r a p h i c a l adventure of 1938, 
the findings of which (as they a f f e c t the present survey) were con-
siderably i n error. There followed another long l u l l which was 
only broken i n 1953 by Rowell's work on the Upper Limestone Group to 
the west of Arkengarthdale Head, and i n 1954 by Beading^ account of the 
stratigraphy"and structure of the Stainmore syncline. 'The ground 
covered during the present survey overlaps f o r a short distance ( i n 
the v i c i n i t y of Bowes) with that mapped by Beading, thus ensuring 
continuity across t h i s important section. 
The view that the northern Pennines acted during Lower 
Carboniferous times as a r i g i d block was f i r s t put forward by Marr 
(1921). This block was recognised as being sub-divided into two 
complementary halves by the Stainmore syncline (which had been 
detected by P h i l l i p s 85 years p r e v i o u s l y ) . The northern h a l f was 
named the Alston Block (Trotter and Hollingworth, 1928), the s t r a t i -
graphy and structure of which has been admirably summarised by 
Dunham (1948), while the southern part Hudson (1938) termed the 
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Askrigg Block. The present survey covers the HE corner of the 
Askrigg Block, and Reading's recent work i s p a r t i c u l a r l y useful i n 
lin k i n g the stratigraphy of the two blocks. 
Concerning the structure investigated during the course of 
t h i s work, the f i r s t mention of the Middleton Tyas a n t i c l i n e as such 
i s by Kendall (1911, p.54), who considered i t to be continuous with 
the Stowgill a n t i c l i n e described by the authors of the Mallerstang 
memoir i n 1891, and to run eastwards across the Cleveland country to 
the sea at Robin Hood's Bay. The a n t i c l i n e was f i r s t recognised 
i n p r i n t (although not named) the previous year by Marr (1910, p.650), 
who r e f e r r e d t o a major 3D-W a n t i c l i n e , pitching east, and bringing 
up f a narrow s t r i p of Lower Carboniferous beds between Richmond and 
Barnard C a s t l e 1 . He also saw that the structure was pre-Permian. 
whether or n o t t h e primary surveyors also recognised the a n t i c l i n e 
i s not known because of the l a c k of any descri p t i v e work to accompany 
t h e i r map, but i t seems l i k e l y that i t did not escape t h e i r notice. 
Versey (1927) disagreed with Kendall's view t h a t the Middleton Tyas 
and Stowgill (Howgill) a n t i c l i n e s were continuous, and i t has 
subsequently been shown that there are a s e r i e s of three separate 
en echelon f o l d s . The two westerly ones have been described by 
Rowell (1953), and the eastermost one i s the subject of the present 
research. 
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CHAPTER 2 
THE SIM0HST0HE CYCLOTHEM 
The basal limestone member of t h i s cyclotbem, o r i g i n a l l y 
named the Simonside by P h i l l i p s (1836) i n h i s description of the 
Yoredale S e r i e s i n Upper Wensleydale, has been known as the Simon-
stone since the o r i g i n a l mapping of 1" Sheet 40 by the Geological 
Survey, which covered P h i l l i p s ' type area. When the primary survey 
of the area covered by the present work was made, some 80 years ago, 
the limestones which were mapped as closing round the G i l l i n g dome 
were named the 3rd, 4tb and 5*h Set Limestones, no c o r r e l a t i o n of 
the beds beneath the Underset Limestone being implied. I t can now 
be shown (Chapter 4 ) that the 2> Yard Limestone, as mapped"by the 
Geological Survey i n upper Swalesdale, i s not seen i n the succession 
round the G i l l i n g dome, and that the 5th Set Limestone can be 
co r r e l a t e d with the 6th limestone beneath the Main, i . e . the 
Simonstone. 
The succession i n t h i s cyclotbem i s shown i n section ( a ) of 
figure 1 (p.16 ) . 
STRATIGRAPHY 
The Simonstone Limestone i s the lowest horizon mapped i n the 
present survey, and members of the cyclotbem are exposed at i n t e r v a l s 
on the south side of the G i l l i n g v a l l e y between G i l l i n g Wood and the 
Gilling-Hichmond road, a distance of about 1% miles round the south 
side of the dome, where the r a d i a l dip away from the centre i s very 
s t r i k i n g . The limestone here i s about 15 feet thick, and i s 
c r i n o i d a l , with many foraminifera, and i s noticeably bituminous. 
No exposures of tbe cyclothem occur on tbe nortb side of the v a l l e y 
due to an o f f s e t of the centre of the structure to the south, and 
also to much d r i f t on tbe v a l l e y f l o o r (see Fig.9» p . l70)» 
Above the limestone some 70 f e e t of beds are nowhere exposed, 
but are presumed to be shale. This i s followed by 50 feet of 
current-bedded sandstone, the top of which passes up into a t h i n 
limestone (here c a l l e d tbe Gillingwood Limestone), to be correlated 
with that of tbe minor rhythmic u n i t of Hudson (1924, p.127) i n 
the Simonstone cyclotbem of Wensleydale, and also with the t h i n 
limestone of Dakyns et a l . (1891, p.110), occurring i n part of upper 
Swaledale about 55 f e e t below tbe Middle Limestone. Worthy of 
mention are the c r i n o i d o s s i c l e s up to $"~in diameter i n tbe sandy 
passage beds leading up to the Gillingwood Limestone. 
The r e s t of t h i s composite cyclothem i s very poorly exposed, 
and presumed to be mainly shale, but there are several places where 
a t h i n sandstone i s v i s i b l e beneath the Middle Limestone. 
DETAILS 
( i ) Simonstone Limestone "~ 
This limestone makes the lowest s o l i d feature on tbe h i l l s i d e 
west of G i l l i n g . Exposures occur at the c r e s t of t h i s feature, some 
200 yards SW of Orabtree House, at 490* O.D. (165Q52), about # mile 
SW of tbe centre of tbe dome. Tbe feature drops"down on e i t h e r 
side, away from the dome, and limestone exposures occur at i n t e r v a l s 
along i t before i t disappears into d r i f t to the NW j u s t beyond 
Crabtree quarry (162055) and to tbe SB some 200 yards NE of 
Gillingwood Hall"(172050). 
The base of the Simonstone Limestone i s not seen, but i n 
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Orabtree quarry 15* were measured, and i t i s probable that t h i s i s 
not f a r off the f u l l thickness, the base of the feature being very 
c l e a r - c u t . The limestone i s dark blue-grey, t h i n l y bedded, 
knobbly-weathering, rather e a s i l y broken, and moderately w e l l 
jointed. I t s odour when struck betrays an unusually high bituminous 
content, even f o r a Toredale limestone, and a small quantity of o i l 
was extracted from a crushed specimen with carbon t e t r a c h l o r i d e 
(but see Chapter 11, section (&))• Apart from small c r i n o i d 
o s s i c l e s , macro-fossils are uncommon, occasional broken brachiopods 
and r a r e corals being a l l that were found. On the other hand, 
mi c r o - f o s s i l s are f a i r l y abundant, and t h i n sections reveal many 
foraminifera ( p a r t i c u l a r l y Endothyra, Howchinia and Archaedisous) 
as well as numerous brachiopod fragments. 
An i n t e r e s t i n g feature of t h i s exposure i s an e r r a t i c of 
Sbap granite which l i e s d i r e c t l y on the limestone, i n d i c a t i n g that 
although t h i s part of the h i l l s i d e i s now f r e e from d r i f t (as 
evidenced by the strength of the f e a t u r e s ) , the side of the v a l l e y 
was o r i g i n a l l y covered by boulder clay, which has since been 
p a r t i a l l y removed by erosion. 
( i i ) Beds between the Simonstone and Gillingwood Limestones 
the 
Above the feature formed by/Simonstone Limestone I s a com-
p a r a t i v e l y f l a t s t r i p of ground, which leads gently up to the next 
feature. Although there are no exposures anywhere along i t , there 
can be l i t t l e doubt that t h i s s h e l f i s due to a shale band, whose 
thickness, when computed from the dips measured i n the limestone 
beneath, comes to some 70*. At the foot of the bold feature a t 
the top of t h i s supposed shale comes a s t r i k i n g change of vegetation, 
the slope being covered with much bracken and gorse i n coarse grass, 
replacing tbe good pasture of lower down. This i s t y p i c a l of a 
sandy s o i l , and the sandstone which forms t h i s feature (and i s 
estimated to be 5Qf t h i c k ) i s exposed i n several small quarries. 
One of these (161051) i s j u s t above Orabtree quarry, some 250 yards E 
of the point where the feature formed by tbe sandstone disappears 
into d r i f t on the eastern edge of G i l l i n g Wood. This s e c t i o n shows 
25' of yellowish-brown, medium-grained micaceous sandstone, with 
prominent current-bedding dipping mainly to the NW. There are 
instances i n the same exposure, however, of dips i n several other 
d i r e c t i o n s , including SB. (This has been found to be tbe case i n 
many other exposures of current-bedded sandstones higher up i n the 
sequence, and i t has been d i f f i c u l t to attach much s i g n i f i c a n c e , on 
a large s c a l e , even to dominant directions of current-bedding i n 
each exposure, as most points of tbe compass are represented f o r any 
given sandstone horizon i f there are s u f f i c i e n t exposures). The 
top of t h i s sandstone i s seen i n contact with tbe Gillingwood 
Limestone a t Gillingwood H a l l , and also at tbe base of tbe small 
feature made by the Gillihgwood Limestone j u s t north of Long Acres 
quarry. Here, a maximum of 4' of current-bedded sandstone i s seen 
i n a l i t t l e quarry about 1/3 mile west of tbe Gilling-Richmond road 
(179045). There i s a gradual passage up into the calcareous f a c i e s , 
and occasional microcline grains occur both i n tbe sandstone and i n 
the passage beds. 
( i i i ) Gillingwood Limestone 
This limestone has been named from an exposure behind 
Gillingwood H a l l , but tbe greatest thickness seen i s 7*, a few yards 
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west of tbe Gilling-Ricbmond road (183044). I t i s a grey c r i n o i d a l 
limestone, with v a r i a b l e but small dolomitised patches, t h i n l y -
bedded and rather knobbly-weathering. The base i s d i f f i c u l t to 
define p r e c i s e l y , because of the gradual passage from tbe underlying 
sandstone, through 8-10" of calcareous sandstone and sandy limestone, 
to the limestone proper.~ This shows a l l t r a n s i t i o n s from sandstone 
with a calcareous cement to limestone with a few angular quartz 
grains, and d i f f e r e n t i a l weathering i s marked. Examination under 
the microscope reveals the passage beds as con s i s t i n g of angular 
quartz and rare microcline grains, with i n t e r s t i t i a l c a l c i t e . 
Many of the quartz grains show s t r a i n shadows, and a few are of 
sutured aggregates, suggesting derivation from gneissose country. 
Occasional oo l i t b s ( i n d i c a t i n g shallow water deposition) enclose 
c r y s t a l l i n e c a l c i t e , which i n turn may have a quartz grain i n tbe 
centre. The oolitbs continue up into the limestone, which i n 
addition contains many bracbiopod fragments, numerous foraminifera, 
a few c r i n o i d o s s i c l e s and occasional pockets of fragmentary bryozoa. 
( i v ) Beds between tbe Gillingwood and Middle Limestones 
This horizon i s very poorly exposed, but tbe sandstone 
beneath the Middle Limestone can be seen at i n t e r v a l s along tbe 
south side of the G i l l i n g v a l l e y between Kirby H i l l and Long Acres 
quarry, G i l l i n g . A s h e l f between t h i s sandstone and the Gillingwood 
Limestone beneath has been mapped as a shale, but i t i s nowhere 
exposed. Near Long Acres quarry, the thickness of t h i s supposed 
sbale, as estimated from dips i n tbe limestones above and below i t , 
i s approximately 55 fee t . 
Of the sandstone beneath the Middle Limestone, 6» are exposed 
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i n the f l o o r of Long Acres quarry (181042), where i t i s a pale grey, 
poorly bedded micaceous sandstone with a few s a n d - f i l l e d v e r t i c a l 
pipes, presumably annelid borings. On the h i l l s i d e south of 
Gillingwood H a l l , up to 8 1 of well-bedded sandstone are seen at the 
base of the s c a r formed by the Middle Limestone. Further west, 
near the point #iere the Middle Limestone crosses Jagger Lane 
(161050), i n G i l l i n g Wood, 6' of" sandstone are separated from the 
limestone by 4" of sbaley sandstone. Beyond t h i s , d r i f t obscures 
the ground, but there i s evidence of the sandstone again i n the 
centre of the Wh ash ton dome, on the h i l l s i d e % mile south of Kirby 
H i l l (139061). Here, loose sandstone occurs'on a feature in'the 
f i e l d , and i s surrounded by a closed outcrop of Middle Limestone. 
I n Whashton Waste, j u s t below a small quarry i n the Middle Limestone 
(147061), 7* of current-bedded sandstone are seen forming the roof 
of a small cave. 
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CHAPTER 3 
THE MIDDLE OYOLOTHEM 
The beds assigned to the Middle cyclotbem which outcrop i n the 
core of the a n t i c l i n e occur i n two separate areas, each bounded by 
a closed outcrop of the 5 Yard Limestone. The l a r g e r of these i s 
to be found round the G i l l i n g dome. The authors of the Mallerstang 
memoir (1891, p. 106), i n describing the Middle Limestone of 
Swaledale, s t a t e that i t u s u a l l y occurs i n 3 parts, and i n places 
makes 3 separate features, and they have no h e s i t a t i o n i n comparing 
i t with the Single Post, Cockle-Shell and Scar Limestones of the 
Alston Block. Round the G i l l i n g dome, the Middle Limestone occurs 
i n two parts which, i n places on the south side of the v a l l e y , make 
separate well-defined features. But the gigantid productids 
t y p i c a l of the Cockle-Shell Limestone north of Stainmore occur both 
above and below the shale band dividing the Middle Limestone, and 
i t i s not possible, i n t h i s instance, to suggest c o r r e l a t i o n s 
d i r e c t l y with the Alston equivalents. 
Around B r i g n a l l Banks, an i n l i e r of the Middle cyclotbem i s 
w e l l seen i n the Greta, but only the upper part i s exposed, the 
Middle Limestone not being seen. 
Comparative sections f o r the cyclothem are shown i n Pig. 1 
(p. 16 ) . 
STRATIGRAPHY 
The Middle Limestone round the G i l l i n g dome i s exposed on 
both sides of the v a l l e y . On the north side the lowest outcrops 
are i n t h i s horizon, which, however, i s rather heavily drift-covered. 
On the other side of the beck, i t makes one, and sometimes two, 
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excellent features, which can be traced, apart from a few breaks 
due to d r i f t cover, f o r 2fc miles, from tbe Gilling-Hichmond road to 
Whasbton. The best exposure i s i n Long Acres quarry, near tbe 
road, where the f u l l thickness of 48* i s seen. I t i s of the 
normal dark grey c r i n o i d a l type, but"there i s a shale band near tbe 
middle, which e f f e c t i v e l y divides the limestone into two. Very 
s t r i k i n g are the large productids (tbe l a r g e s t seen being 13" across) 
and a horizon of chert nodules which have c l e a r l y been formed 
by replacement. 
Tbe overlying shale, estimated to be 40 fe e t t h i c k , i s 
exposed i n two places only, where i t s base i s seen r e s t i n g on tbe 
Middle Limestone, and i t s top i s marked i n several l o c a l i t i e s by 
springs i s s u i n g from tbe base of tbe overlying sandstone. Tbe 
sandstone, some 60 1 t h i c k round the G i l l i n g dome, i s l a r g e l y massive 
and current-bedded. Dakyns et a l . (1891, p. 107), when describing 
t h i s horizon i n Swaledale, had no h e s i t a t i o n i n connecting i t with 
tbe *Lower Brigstone Hazle 1 of Alston Moor, the Low B r i g Hazle of 
Dunham (1948, p. 19). But l a t e r a l f a c i e s v a r i a t i o n s are so rapid 
that c o r r e l a t i o n of in d i v i d u a l sandstones over such a distance could 
be dangerous. I n tbe B r i g n a l l Banks i n l i e r , over 140* of often 
massive and current-bedded sandstone, al t e r n a t i n g with"shale bands 
towards tbe base, are almost continuously exposed. Here, tbe 
cyclotbem i s c l e a r l y considerably t h i c k e r than i n the G i l l i n g region, 
where there are only 100 1 of beds above tbe limestone. And there 
i s no sign i n tbe Greta that the Middle Limestone i s even nearly 
approached, judging by tbe proportion of c l a s t i c material i n tbe 
lowest exposed horizons. But part of tbe thickening has evidently 
taken place i n the sandstone at tbe expense of tbe underlying shale. 
DETAILS 
( i ) Middle Limestone 
Exposures on tbe north side of the G i l l i n g v a l l e y are 
l i m i t e d to the s t r e t c h between Warrener Lane and H a r g i l l , a distance 
of a l i t t l e over 1# miles. The limestone forms a feature p a r t l y 
obscured by r e s i d u a l patches of d r i f t on tbe v a l l e y side, but • 
se v e r a l small outcrops occur a l i t t l e way north of Hartforth Lane, 
tbe lowest exposures on t h i s side of tbe v a l l e y . An old quarry 
by the side of Forcett Lane (180062) shows 15* of limestone gently 
dipping eastwards away from the centre of the"dome, the lower 9* 
of which are r i c h i n gigantid productids and chert nodules. West 
of Warrener Lane, as f a r as the cross-roads at the top of Stonygate 
Bank (145064) between Wbasbton and Kirby H i l l , tbe Middle Limestone 
i s obscured by g l a c i a l and p o s t - g l a c i a l deposits, tbe outcrop on 
the map being conjectural. I t has been possible to map i t r i g h t 
round tbe Whasbton dome, however, by means of shake holes and 
exposures i n a number of quarries. A small quarry near the summit 
of the h i l l south of Kirby H i l l (141060) exposes 151 of dark grey 
limestone with large productids, some c o r a l s , and much c r i n o i d a l 
debris, including o s s i c l e s up to %" i n diameter. This quarry, 
on tbe south side of the dome, shows tbe beds to be dipping SSE 
at 21°. Equally high dips are to be found on the north side"Of the 
structure. 
Tbe Middle Limestone i s well exposed i n and around Whasbton, 
and large productids, c o r a l s and chert nodules are to be seen i n 
most outcrops. The small quarry on Wbasbton Waste (147061) which 
exposes 11* of limestone, shows two small fault's. One i s along the 
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l i n e of a 10" vein of c a l c i t e , and throws 15" to the NW. The other, 
10* to the SBl, i s shown on the map, has a throw i n the "opposite 
d i r e c t i o n of'about 5», and i s unmineralised. South of Wbashton 
the continuity of the outcrop i s broken by two more small f a u l t s , 
but SE of t h i s , d r i f t covers the ground u n t i l the limestone i s 
again seen i n Jagger Lane where i t passes through G i l l i n g Wood 
(158049). Prom this " p o i n t eastwards, the feature formed by the 
limestone i s continuous as f a r as the Gilling-Bichmond road, except 
f o r a stoetch of about % mile to the SE of Gillingwood H a l l , which i s 
drift-covered. Natural exposures occur most of the way along the 
feature, which i s double f o r much of i t s length. Many corals and 
b i g productids can be c o l l e c t e d along the lower and stronger feature. 
The continuity of the features i s c l e a r l y broken to the SW of 
Gillingwood Hall by two small f a u l t s throwing SE between 5 1 and 10'. 
But by f a r the best exposure i s i n Long Acres quarries (181042) 
where the following section was measured:-
Limestone with no productids 9* 
Limestone with many gigantid productids up to 
9" across 31 
Ditto, with chert nodules 4* 
Ditto, with shale partings 6 ? 
Shale 2*6" 
Limestone with productids 1* 
Shale with productids 11 
Limestone, with gigantid productids i n upper 
part, on sandstone 21*6" 
48* -
This i s considered to be the f u l l thickness of the Middle 
Limestone, and compares with 45 1 quoted by Dakyns et a l . (1891, p.110) 
as an average value f o r Swaledale. Long Acres quarry shows two 
good c o r a l bands 8 1 and 16* above the"base of the limestone, the 
dominant genera being l i i t h o s t r o t i o n and Dapbyphyllum. A band of 
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A. Middle Limestone, Long Acres quarry, G i l l i n g . A j o i n t - p l a n e 
s e c t i o n of Gigantoproductid s h e l l s l y i n g concave s i d e 
upwards, many of which enclose c h e r t nodules. 
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B. Edge of a c h e r t nodule, Long Acres quarry, x 47. Tbe 
i r r e g u l a r dark l i n e marks the l i m i t of s i l i c i f i c a t i o n , 
below which replacement by m a c r o c r y s t a l l i n e r a d i a l 
aggregates of s i l i c a i s complete. (Separate r a d i a l aggre-
gates show as s m a l l round patches i n the photograph). A-
boire the dark l i n e , v e i n l e t s of c l e a r s i l i c a run through 
the carbonate, i l l u s t r a t i n g the p r o c e s s of s i l i c i f i c a t i o n , 
and grade i n t o t he u n a l t e r e d limestone. 
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chert nodules occurs 13* above the base, the nodules very often 
r e s t i n g i nside the upwards-facing concave part of the productid 
s h e l l s ( P l a t e 6A, p. 20 ) , which suggests trapping of s i l i c a i n 
solutions percolating from above. But the coral bed described by 
Hudson (1924, p.131) from the base of .the limestone was not seen, 
neither was the band of Brithrospongia l j t h o i d e s , described by the 
same author (1929) from the Single Post Limestone. 
Seen i n t h i n section,"the Middle Limestone, which i s the 
normal grey c r i n o i d a l type, i s very r i c h i n foraminifera of 
numerous genera, brachiopod fragments and productid spines. 
Occasional small oo l i t h s are present, and a few very small patches 
of i n t e r s t i t i a l s i l i c a occur here and there. A section across 
a chert nodule from Long Acres quarry shows an almost complete r e -
placement of c a l c i t e ' b y c r y p t o c r y s t a l l i n e chalcedonic s i l i c a , the 
outlines of foraminifera remaining v i s i b l e . The boundaries along 
which s i l i c i f i c a t i o n has proceeded, gradually eating away the 
c a l c i t e , are abundantly c l e a r , s i l i c i f i c a t i o n having evidently 
s t a r t e d at a point inside the concavity of the productid s h e l l and 
gradually worked outwards from there u n t i l , due to l a c k of further 
s i l i c a , the process was suddenly halted at the stage i n which i t i s 
now seen ( P l a t e 6B, p. 20 ) . I t i s evident that t h i s s i l i c i f i c a t i o n 
took place a f t e r the l i t h i f i c a t i o n of the rock, as s i l i c a i s 
replacing c r y s t a l l i n e c a l c i t e , but i t need not n e c e s s a r i l y have been 
long afterwards. 
( i i ) Beds between the Middle and 5 Yard Limestones 
( a ) Round the G i l l i n g dome. 
The shale which r e s t s on the Middle Limestone i s seen only 
twice. One exposure i s i n a small .quarry at the foot of Lythe 
Wood, "beneath Black H i l l (168073), where loose shale with ironstone 
nodules i s seen j u s t above the Middle Limestone. A more s a t i s -
f actory exposure i s that on Whasbton Waste, where the quarry 
section shows 10 1 of soft shale r e s t i n g on the Middle Limestone. 
Elsewhere, f e a t u r e l e s s ground with no exposures occupies t h i s 
horizon. 
Around the G i l l i n g dome, the sandstone beneath the 5 Yard 
Limestone i s w e l l developed, and averages 60 feet i n thickness. 
I t i s exposed i n a number of places on the north side of the 
G i l l i n g v a l l e y between Warrener Lane and Forcett Lane, where i t i s 
seen to be pale brown, medium-grained, false-bedded, s l i g h t l y 
micaceous and with many small brown limonite patches giving i t the 
speckled appearance so common i n Toredale sandstones. Very 
s t r i k i n g i n a small quarry SW of B l a c k b i l l House (168074) are a 
number of haematite concretions i n the sandstone.' They average 
2-3" i n diameter and t h e i r formation was evidently p r i o r to 
l i t h i f i c a t i o n , a t h i n s e c t i o n showing the nodules to contain only 
scattered quartz grains of the same character as those of the 
enclosing sandstone, sub-angular and often showing s t r a i n shadows. 
I n t h i s respect, they are unlike the »Red Horses* of Yorkshire and 
Northumberland, which have evidently formed subsequent to 
l i t h i f i c a t i o n . Also present i n the sandstone are scattered 
plagioclase grains and a few muscovite f l a k e s . I n Dalton Beck, 
% mile below the outcrop of the 5 Yard Limestone,'20* of highly 
false-bedded sandstone are seen. There are good exposures SB of 
Gayles, and the bank on the top of which the v i l l a g e of K i r b y ^ H i l l 
stands, i s l i t t e r e d with many large blocks of the massive sandstone 
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which forms t h i s hold feature. These Blocks also occur to the S 
and SW of Kirby H i l l , where the outcrop of the sandstone sweeps 
round the Whashton dome. On Whashton Green (144059)> 8' of t h i s 
sandstone are seen within 200 yards of an outcrop of Middle Limestone 
some 60* higher up on the h i l l , and the Feldom f a u l t i s continued 
between these two exposures from i t s l a s t known pos i t i o n % mile to 
the SW. The best exposure of t h i s horizon, however, i s at Stony 
Kir k s (160048) near High Scales Farm, where a c l i f f of massive 
and false-bedded sandstone some 25 feet high makes an impressive 
feature, which continues f o r % mile to the SB as f a r as Low Scales 
Plantation, before being l o s t again i n d r i f t . The sandstone i s 
picked up again near the Low Lodge to Aske H a l l , i n a small quarry 
(182038), where a f a u l t throwing SB brings i t i n contact with the 
5 Yard Limestone. 
(b) The B r i g n a l l Banks i n l i e r . 
The closed outcrop of the 5 Yard Limestone around S c a r g i l l 
encloses a section of some 140' of sandstone and shale, e x c e l l e n t l y 
exposed i n B r i g n a l l Banks. To the south of the v a l l e y of the River 
Greta, the only exposures of t h i s horizon are near Cowclose House 
(064095)» where 3' of sandstone on- sandy shale underly the limestone, 
and i n Primrose G i l l (072102), where the limestone-sandstone junction 
i s w e l l seen. In the Greta i t s e l f , sandstone i s continuously exposed 
between the base of the 5 Yard Limestone above Rutherford Bridge, 
and M i l l Scar f a u l t , which crosses the r i v e r about a mile further -
downstream. This sandstone i s mainly massive, often false-bedded, 
sometimes with ripple-marked surfaces, horizontal worm-trails and 
roots, and t h i n sbaley partings here and there. The r i v e r runs i n 
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a narrow gorge, some 50 feet deep, "beneath B r i g n a l l quarries 
(042115), where the sandstone was extensively quarried many years 
ago. I n M i l l Scar (044113) the f a u l t i s c l e a r l y seen, with sand-
stone beneath 40* of boulder c l a y thrown against the following 
s e c t i o n on the KB, or upthrow side of the f a u l t : -
Sandstone, massive and false-bedded 
Conglomeratic sandstone, coarse, with clay g a l l 
and a few large c r i n o i d o s s i c l e s 1* 
Shale, s l i g h t l y micaceous, with much plant debris 3! 
Sandstone, massive 8* 
Shale 
while i n the opposite bank, on the north side of the r i v e r , 
150 yards away, the section i s : -
Boulder c l a y 20* 
Sandstone, massive and false-bedded 23* 
Shale parting l 1 
Sandstone. 3 1 
Shale parting 1' 
Sandstone 12* 
Shale, with ironstone nodules 12 1 
Sandstone 7' 
Shale and flaggy sandstone, rapid a l t e r n a t i o n s 15' 
The conglomerate i s d e f i n i t e l y absent here, and i t appears 
that l a t e r a l f a c i e s v a r i a t i o n s i n these beds are very rapid. 
I n Black Scar (057113) a l e n t i c u l a r sandstone band can be seen 
to increase i t s thickness from 6' to over 20* i n about as many 
yards. Some 600 yards downstream from Gillbeck Foot, the success-
i o n i s f u r t h e r complicated by the following s e c t i o n i n the north 
banlct-
Gap to 5 Yard Limestone 23« 
Shale with plant debris 3' 
Coal i» 
Shaley sandstone 2'6,f 
Sandstone 24 1 
(Cfaere are many places further upstream where the beds for 
at l e a s t 50• immediately beneath the 5 Yard Limestone can be seen 
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to contain nothing but massive sandstone with very minor snaley 
partings, so t h i s fresh-water shale overlying coal must be of purely 
l o c a l occurrence. But Dunham (1948, p.19) mentions two reports of 
coal within the Low BjSg'Eaale of Alston Moor, with which the authors 
of the Mailerstang memoir connect t h i s sandstone. 
I n the Swale, east of Marske, some 6* of non-marine sandstone 
are exposed beneath a limestone thought to be the 5 Yard (see p. 37 )• 
I t i s medium-grained and compact, the small brown limonite spots so 
c h a r a c t e r i s t i c of many Yoredale sandstones being p a r t i c u l a r l y 
prominent. The upper 18" are devoid of these spots, however, and 
p a r t l y assume the appearance of a gannister. 
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CHAPTER 4 
THE 5 YARD AMD 3 YARD OTOLOTHSMS 
The 5 Yard, and 3 Yard cyclothems are dealt with i n a single 
chapter because over the eastern h a l f of the mapped area the 3 Yard 
Limestone i s not seen, and i s thought to have been cut out, there 
being no consistent marine horizon with which to separate the beds 
between the 5 Yard and Underset Limestones. 
The 5 Yard Limestone i s the Impure Productal Limestone of 
P h i l l i p s (1836), but be did not recognise the thinner limestone 
between i t and the Underset Limestone. The names now applied to 
these two horizons originated as miners' terms, and were adopted by 
Dakyns et a l . (1891) during the Primary Survey of 1" sheet 40. As 
they point out (p. 10), the 5 Yard Limestone has been c a l l e d both 
the Third Set and Fourth Set by some Swaledale miners, depending on 
whether or not the 3 Yard Limestone was recognised, which l e d to some 
confusion. When the Primary Survey of the area covered by the 
present survey was made, the 3 Yard Limestone was seen i n two places, 
but not recognised as such, and the limestones clos i n g round the 
a n t i c l i n e were numbered i n • S e t s 1 , counting down from the Main 
Limestone. Thus the 5 Yard Limestone was everywhere c a l l e d the 
Third Set, while the 3 Yard went un-named. One of the clues to the 
id e n t i t y of the horizons inside the outcrop of the Underset Limestone 
l i e s on the south side of swaledale,,in the sec t i o n up Greenseat Beck 
(899972), which meets the Swale between Tbwaite and Muker. The 
limestone a t about 1200 1 O.D., the Middle Limestone of the Survey, 
contains common gigantid productids and some c o r a l s , and l i t h o l o g i c a l l y 
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i s very s i m i l a r to the limestone seen i n Long Acres quarry (and 
c a l l e d the Fourth Set by the Survey). I n addition the 3 Yard 
Limestone, as mapped "by the Survey, i s here seen to be i n two parts, 
the upper one containing i l l - d e f i n e d "tubes" running down from i t s 
upper surface, and the lower one r e s t i n g on f o s s i l i f e r o u s sandstone. 
I t i s so s i m i l a r to two small and unusual limestones seen and mapped 
near Barningham, which occur between the Underset and T T h i r d Set' 
Limestones, that there i s no h e s i t a t i o n i n assigning the Barningham 
limestones to the 3 Yard horizon, v/hicb w i l l make the Third Set of the 
Survey correspond to the 5 Yard, and the Fourth Set correspond to the 
Middle, a c o r r e l a t i o n already suspected by the presence of abundant 
gigantid productids. From t h i s , i t follows that the F i f t h Set w i l l 
correspond to the Simonstone, as was noted i n Chapter 2. Examination 
of the 3 Yard Limestone of the Survey i n Gunnerside G i l l (939005, on 
the north side of Swaledale) and i n Punchard G i l l (969047, near the 
head of Arkengartbdale) l e n t f u r t h e r support f o r the above corre l a t i o n . 
Among the most abundant and most e a s i l y recognisable f o s s i l s 
i n the Middle Limestone Group, due to t h e i r commonly complete 
preservation, are the Foraminifera, and one of the most c h a r a c t e r i s -
t i c of these i s Howchinia Bradyana (Howchin), which i n v e r t i c a l 
section looks l i k e an old-fashioned bee hive. I t s d i s t r i b u t i o n 
i n the Lower Carboniferous of Northern England was described by 
Davis (1951), who concluded that i t i s known only between B1 lime-
stones and high i n P 2» The youngest specimen from a d e f i n i t e 
horizon recorded by him was from a quarry i n the 'Third Set Lime-
stone* near G i l l i n g , the p o s i t i o n given being i n the middle of the 
garden of Aske H a l l . The nearest l o c a l i t y from which t h i s specimen 
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i s l i k e l y to have come i s some 2/3 mile to the NW of the p o s i t i o n 
given, where the 1 Third S e t 1 or 5 Yard Lime stone" "has been quarried 
i n Low Scales Plantation (168042). Howcfainia has now been 
recognised i n every limestone closing round the G i l l i n g dome, and 
also i n the Underset Limestone, being present i n most of the s l i d e s 
examined, often i n considerable numbers. I t s range can therefore 
be extended to include both the 5 Yard and 3 Yard cyclothems. 
Comparative sections f o r the 5 Yard and 3 Yard cyclotbems 
are shown i n Pig. 2 (p. 27 ). 
STRATIGRAPHY 
The 5 Yard Limestone round the G i l l i n g dome i s not well 
exposed, only making an occasional appearance through the d r i f t , 
when i t i s u s u a l l y w e l l seen i n old quarry sections. I t i s normally 
a dark grey c r i n o i d a l limestone, with brachiopods u s u a l l y i n f r a g -
ments, but sometimes occurring complete. I t makes a broken feature 
along the north side of the G i l l i n g v a l l e y between Warrener Lane and 
G i l l i n g Bank, but on the south side i t i s e a s i l y traceable between 
Aske Park and Wbashton Springs. The dip, always away from the 
centre of the dome, v a r i e s between 5° and 16°. At Whasbton Springs 
(152047), 30 feet of the limestone are exposed i n a quarry which must 
show very nearly the f u l l thickness. I t i s here comparatively r i c h 
i n productids and t h e i r spines. The 5 Yard Limestone i s b e t t e r 
seen, however, i n and around B r i g n a l l Banks, where i t makes another 
closed outcrop. I t s f u l l thickness i s seen to vary between 24 1 
and 30 f. Dakyns et a l . (1891, p.107) give 20* as an average t h i c k -
ness f o r upper Swaleadale, but state that i t may sometimes a t t a i n 30?. 
Northwards, on the Alston B^ock, however, the average thickness of " 
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the sections quoted by Dunham (1948, p.21) i s d e f i n i t e l y l e s s than 
20*, while i n Wensleydale, to the south, i t i s only 10' (Dakyns et 
a l . 1891, p.95), so the 5 Yard Limestone can be considered, i n the 
area of the present survey, to be at about i t s maximum development. 
When seen i n t h i n section, scattered small o o l i t b s are nearly always 
present, and these, combined with the fragmentary brachiopod and 
bryozoan remains, would imply deposition i n very shallow water, 
a conclusion which holds equally f o r the three underlying limestones. 
A noteworthy feature of t h i s horizon i s the occasional occurrence 
of q u a r t z - f i l l e d c a v i t i e s , of very v a r i a b l e s i z e , which suggests 
that a c e r t a i n amount of s i l i c a i s normally present i n the limestone 
(but see Chapter 6 ) . 
The 3 Yard Limestone i s seen only i n 4 widely separated 
l o c a l i t i e s , and no attempt has been made to j o i n up these scattered 
outcrops on the map across great t r a c t s of drift-covered ground 
with so l i t t l e evidence. I n the two best exposures, at Scotchman's 
Stone (081125, near the eastern end of B r i g n a l l Banks) and i n an 
un-named beck % mile SW of Barningham (078099), the limestone i s 
seen to be i n two parts, separated by a t h i n non-marine horizon. 
The former shows the t o t a l thickness to be 12*4", the l a t t e r about 
15', and i n both cases there i s a gradual passage up into the lower 
limestone from the underlying arenaceous horizon. A d e c a l c i f i e d 
sample of the upper l e a f at Barningbam yielded much glauconite, also 
p y r i t e , f l u o r i t e and a l i t t l e s p h a l e r i t e , together with a small 
conodont fragment. A bore-hole at Mount Pleasant (033151, 1% miles 
SW of Barnard C a s t l e ) penetrated the 3 Yard Limestone, where i t i s 
12*6" t h i c k and also divided by a non-marine"horizon. These 
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occurrences can be compared witb those i n upper Swaledale, described 
by the authors of the Mallerstang memoir (p.108), where the t h i c k -
ness i s stated to be generally about 10'.' They remark that i n 
C l i f f Beck and I v e l e t Beck, the 3 Yard Limestone i s overlain by 
sandstone. But i t i s suggested that i t i s only the lower l e a f that 
i s exposed, the overlying sandstone belonging to the non-marine 
horizon within the limestone. This i s not the case, however, witb 
an outcrop i n Waitgate G i l l (083047), on the north side of the 
Faggergill-Waitgate f a u l t . Here, 5* ot the 3 Yard Limestone are 
over l a i n unconformably by a massive sandstone which has c l e a r l y 
cut out the r e s t of t h i s horizon. As there i s no further sign of 
the 3 Yard anywhere east of Waitgate G i l l , t h i s i s taken as evidence -
f o r i t s complete absence i n that area due to transgression by the 
overlying sandstone. I t i s possible, of course, that i t i s present 
and merely not exposed. But i n places on the south side of the 
G i l l i n g v a l l e y the beds between the 5 Yard and Underset Limestones 
make excellent features, and i f the 3 Yard Limestone were present 
there, i t would c e r t a i n l y be expected to show i t s e l f . Non-
deposition i s another p o s s i b i l i t y , but as there i s no evidence f o r 
t h i s , and there i s p o s i t i v e evidence f o r removal by erosion, the 
l a t t e r i s preferred as an explanation of i t s absence. 
The beds between the 5 Yard and 3 Yard Limestones are best 
seen i n B r i g n a l l Banks, where the limestones are separated by 
91«6" of shales and sandstones, including a marine sandstone witb 
gigantid productids 26* beneath the upper limestone. This compares 
with only 33• i n the Mount Pleasant bore, and i t may be that the 
limestone which has there been taken as the 5 Yard (which was only 
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penetrated to a depth of 6'6") i s not that horizon at a l l , but an 
intermediate marine band p a r t i c u l a r l y w e l l developed. The sand-
stone underlying the 3 Yard Limestone i s not strong, and i s only 
14' t h i c k i n B r i g n a l l Banks. This i s l e s s than half the average 
f o r the High Brig l a z l e of Teesdale, which occurs at the same 
horizon (Dunham, 1948, p.20). On the other band, the 5 Yard 
cyclothem here i s over half as t h i c k again as the average value over 
the Alston Block. 
Above the 3 Yard Limestone, a t h i c k shale i s v i s i b l e i n 
B r i g n a l l Banks, and i s overlain with s l i g h t unconformity by a massive 
non-marine sandstone, the base of which i s seen to vary between 66' 
and 40' above the top of the limestone. At l e a s t part of t h i s 
transgressive sandstone i s i n the form of a wash-out, running 
roughly HW-SE. The thickness of t h i s sandstone remains unknown, 
due to d r i f t cover, but at l e a s t 50* of i t are a c t u a l l y seen. The 
Mount Pleasant bore proved about 70' of dominantly arenaceous beds 
on about 80* of shale, the Underset"and 3 Yard Limestones being 
separated by 150'. Once more, t h i s i s over h a l f as much again as 
the average of the sections quoted by Dunham f o r the Alston Block 
(1948, p.22). The sandstone equivalent i n horizon to the Natrass 
G i l l Hazle of Teesdale and f u r t h e r north i s about 25« t h i c k along 
the north side of Swaledale, but i t i s inconsistent,"and reaches as 
much as 90' on Aske Moor. However, a horizon that has proved to 
be remarkably constant i s a band of v i r t u a l l y unconsolidated sand, 
found u s u a l l y between 2' and 4' below the base of the Underset 
Limestone. 
Around the G i l l i n g dome, where the 3 Yard Limestone i s nowhere 
seen and thought to be absent, i t has been possible to map parts of 
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s e v e r a l sandstone bands i n c e r t a i n places between the 5 Yard and 
Underset Limestones. Of tbese, the one underlying tbe Underset i s 
best seen, p a r t i c u l a r l y SW of G i l l i n g . I n t h i s area i t i s c a l l e d 
the "27 Fathom G r i t and P l a t e " on the maps of the Primary Survey, 
but i t c e r t a i n l y never a t t a i n s a thickness of 27 fathoms. I t does 
become f a i r l y coarse towards the top, and i s extremely false-bedded 
i n part. I t i s composed of quartz grains with strong s t r a i n shadows, 
which are accompanied by plagioclase, z i r c o n and, i n one instance, 
sphene, t h i s material almost c e r t a i n l y being o r i g i n a l l y derived 
from regionally metamorphosed ac i d igneous rocks. 
DETAILS 
( i ) 5 Yard Limestone 
( a ) Hound the G i l l i n g dome 
West of Hartfortb, the mapped outcrop of the 5 Yard Limestone 
on the north side of the G i l l i n g v a l l e y i s conjectural. The most 
westerly exposure i s i n B l a c k h i l l quarry (169075), but the limestone 
makes a s o l i d feature for about # mile to the NW of t h i s , a f t e r 
emerging from tbe boulder clay. " I n t h i s quarry, 16* of limestone 
beneath 8 1 of d r i f t dip at 4° down the north side of "the G i l l i n g 
dome. The feature can be followed SE, dropping down into tbe 
v a l l e y f o r 1% miles, the limestone having been quarried where i t 
crosses Forc'ett Lane (178068), revealing 20' of grey c r i n o i d a l 
limestone, and at Hock Oastle (186062), where 14* are seen. The 
l i t t l e beck B of G i l l i n g Bank has two limestone exposures, a small 
one at 410 1 O.D. and the other, which has been quarried, a t 475* O.D. 
Tbe l a t t e r i s c e r t a i n l y the 5 Yard Limestone, and i s a buff-coloured 
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c r i n o i d a l limestone, with many brachiopod fragments. A t b i n section 
shows common foraminifera, occasional oolitbs around c r y s t a l l i n e 
c a l c i t e , and many very small ankerite rhombs occurring i n t e r s t i t i a l l y , 
which are at l e a s t p a r t l y responsible f o r the colour of the rock. 
There has also been patchy r e c r y s t a l l i s a t i o n to a f i n e c a l c i t e 
matrix, but outlines of organic remains are s t i l l j u s t v i s i b l e . 
The l i t t l e exposure 65* lower down i n the same beck i s on the l i n e 
of continuation of the 5 Yard Limestone from the NW, and a f a u l t 
has been mapped between the two outcrops. The only other evidence 
f o r the limestone on t h i s side of the v a l l e y i s nearly a mile 
f u r t h e r SB, i n a quarry near Sedbury Park Farm (194044), where 12* 
of the limestone are seen beneath 4* of d r i f t . I t i s here the 
more normal pale grey type, with very many small c r i n o i d o s s i c l e s . 
From t h i s point, the outcrop must continue beneath the a l l u v i a l 
b e l t (which i s % mile wide i n t h i s part of the v a l l e y ) to emerge 
near Low Lodge, where i t i s f a u l t e d against the sandstone beneath 
the 5 Yard Limestone i n a l i t t l e quarry (182038). On the NW side 
of the f a u l t , the feature of the 5 Yard Limestone can be picked up 
again on the northern edge of Aske Park, and followed with only one 
break (due to d r i f t cover) as f a r as the Wbasbton Springs f a u l t . I t 
i s w e l l exposed i n quarries above Low Scales Plantation (168042), 
where the base i s seen, together with 22' of well-bedded^greyish-
brown c r i n o i d a l limestone, now r i c h i n spiny productids. At the 
highest point of the feature, above High Scales Plantation, where i t 
approaches nearest to the centre of the G i l l i n g dome, 21« of lime-
stone have been quarried. The dip here i s between f ana 16° away from 
the dome, which i s much bigher than the dips on the north side (see 
Fig* 9, P.170). I n Wbasbton Springs quarry (152047), 8» of d r i f t 
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o v e r l i e 30' of limestone, which, although the base i s not a c t u a l l y 
seen, must be almost the f u l l thickness. The limestone i s pale 
grey, c r i n o i d a l , and rather t h i c k l y bedded, some posts being 4»-5* 
t h i c k . Spiny productids are p l e n t i f u l . A c a v i t y some 2" i n ' 
diameter ( l i n e d with c a l c i t e ) was found, inside which were^a 
number of p e r f e c t l y formed l i t t l e c r y s t a l s of quartz. Grown onto 
these, i n turn, were severa l patches of pale brown ankerite c r y s t a l s . 
The FeCOj content of the ankerite must be small, about 5%» hut N u 
was measurably above 1.682, the figure f o r pure dolomite'. Despite 
t h i s occurrence of s i l i c a , no chert nodules have been observed i n 
t h i s limestone. 
West of Wbashton Springs quarry, there i s no further evidence 
f o r the 5 Yard Limestone as f a r as the l i t t l e beck near Douthwaite 
F o l l y (131054), where there i s a small outcrop of the normal 
c r i n o i d a l type, with foraminifera, brachiopod fragments and occa-
s i o n a l small o o l i t h s . The limestone's p o s i t i o n i s next f i x e d by a 
shake bole south-west o f Grove G i l l House (128060); i t i s well seen 
i n two quarries above Kirby H i l l , where i t i s dipping strongly 
northwards off the Whasbton dome. I t makes a separate feature 
above the sandstone which forms Kirby H i l l bank, but t h i s i s 
interrupted 350 yards MW of tbe v i l l a g e by a wide gully, which 
undoubtedly marks tbe l i n e of a f a u l t , tbe limestone feature con-
tinuing beyond i t some 30' lower down. Tbe feature, with occas-
i o n a l exposures, i s e a s i l y traced along the h i l l s i d e towards Gayles, 
and a section of 20' i s seen i n P r i e s t G i l l (133070). The beck 
which crosses the road 250 yards E of East S t r e e t , Gayles, has a 
double exposure of tbe 5 Yard Limestone. Tbe upper one, between 
675' and 725' O.D., i s continuous with that i n P r i e s t G i l l , and 
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shows about 12«, dipping at 2° downstream, tbe top of which i s very-
r i c h i n foraminifera. But at 600* O.D. what can only be the 5 Yard 
Limestone again, i s exposed, to explain which an 1-W f a u l t has been 
mapped j u s t above the lower exposure. On Gayles~Common, a good 
quarry section (122073) shows 16' of well-bedded c r i n o i d a l lime-
stone, the 5 Yard again, which has been dropped down from tbe upper 
section above by another f a u l t . NW of Gayles, the limestone i s 
completely obscured by d r i f t f o r over a mile, except f o r an exposure 
i n Dalton Beck, beneath C a s t l e Steads (112076), where 16* of i t 
(here containing bryozoan fragments) are seen beneath a section of 
over 100 1 of boulder clay. Dalton H a l l quarry (111088), where 
15* of the limestone are seen,~ shows boulder c l a y not only covering 
the s o l i d rock, but f i l l i n g up a 2' wide gap between j o i n t surfaces. 
The limestone i s f i n a l l y seen again j u s t beneath Dalton H a l l , where 
a spring i s s u e s from i t s base, and i n Burdey's G i l l (106091), 
beyond which the conjectured outcrop j o i n s that on the north side 
of the v a l l e y . 
(b) Hound the B r i g n a l l Banks i n l i e r . 
The most westerly exposure of the 5 Yard Limestone round 
the B r i g n a l l Banks i n l i e r i s i n the River Greta,'between 150 and 
500 yards above Rutherford Bridge. I t s base emerges j u s t above the 
w a t e r f a l l (033122) formed by the underlying sandstone, and about 
200 yards below tbe bridge, the f u l l thickness of 24* i s seen i n a 
soar on the l e f t bank of tbe r i v e r , both the shale above and tbe 
sandstone beneath being exposed. Tbe limestone i s tbe normal grey 
c r i n o i d a l type i n band specimen, but i n t h i n section i s seen to 
co n s i s t , apart from tbe c r i n o i d remains, e n t i r e l y of r e c r y s t a l l i s e d 
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granular c a l c i t e . A l l traces of organic remains, apart from the 
crinoids and outline!" of the l a r g e r brachiopod fragments, have gone. 
The limestone base can be traced, by occasional outcrops, 
along the north side of B r i g n a l l Banks as f a r as the old B r i g n a l l 
sandstone quarries, some 150 yards KB of which the base i s again 
seen, 25* higher up. The f a u l t responsible f o r t h i s s h i f t i s seen 
very c l e a r l y i n the r i g h t bank of the r i v e r , i n the M i l l Scar section 
already described on p. 23 . On the east side of the f a u l t , the 
feature made by the limestone swings round on meeting the f a u l t , and 
can be traced along the l i n e of i t f o r several hundred yards. 
Where t h i s happens, the limestone i s exposed i n an old quarry, a 
specimen from which shows a t h i n c a l c i t e v e i n i n the limestone, 
containing a very small c r y s t a l of sph a l e r i t e l e s s than 1 mm across. 
Eastwards the limestone i s traceable past Moor House Farm, and over 
the edge of the bank opposite Bank B i l l (054-113}. Outcrops occur 
at i n t e r v a l s as f a r as the old quarry south of L i l y H i l l (067117), 
the dip varying between 2° and 12° to the NEE. " The' greatest 
thickness seen i s 30* opposite Black Scar. "East of the quarry, 
l a n d s l i p s have obscured the s o l i d rock f o r about # mile, but the 
limestone i s exposed again i n the Greta below Teb'b Wood (074118) 
f o r about 350 yards, disappearing beneath the overlying shale. 
South of the Greta, the 5 Yard Limestone i s l e s s well exposed. 
Two o u t l i e r s occur above the south bank, one small one bordering 
the ML11 Scar f a u l t on i t s SW side, and another forming Bank H i l l , 
numerous small outcrops of grey c r i n o i d a l limestone occur on the 
l a t t e r . A s c a r on the right bank of the r i v e r 500 yards below 
Gillbeck Foot shows 21« of limestone, but neither the top nor bottom 
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are seen. South of t h i s , the mapped outcrop i s conjectural as 
f a r as Primrose G i l l Plantation (072103), where the lower 22* of 
the limestone are well seen. A quarry on the north side of"the 
road shows j o i n t surfaces which are very noticeably curved, a f a c t 
t hat has been noted from a number of l o c a l i t i e s . A t h i n section 
from the western end of t h i s exposure shows, as well as c r i n o i d a l 
and brachiopod debris, some complex bryozoan structures and a small 
c a l c i t e - l i n e d c a v i t y f i l l e d with quartz. SW from here, the lime-
stone makes a feature below Moorcock H a l l , as f a r as some old 
quarries near Oowclose House (064095)» where the lower 25 1 are 
exposed. Specimens from a quarry below Moorcock Hall, contain many 
bryozoa, and t h i n sections reveal a few o o l i t b s , several small 
q u a r t z - f i l l e d c a v i t i e s and i r r e g u l a r areas of very small brown 
ankerite rhombs which impart a patchy appearance to the hand specimen. 
Westwards from here, the outcrop i s obscured by d r i f t as f a r as 
filler Beck, except f o r exposures i n Oowclose G i l l , which i s dry f o r 
nearly 550* where i t crosses over the limestone. At and above 
the ford,(054090) the upper 10' are exposed, part of which cons i s t 
of very coarse c r i n o i d a l debris. I n filler Beck (028116), SB of 
High Barn, i s o l a t e d exposures continue"down to the confluence with 
the Greta. 
( c ) I n l i e r s i n the Swale 
About 1# miles W~of Richmond, i n a l i t t l e quarry j u s t above 
the l e v e l of r i v e r alluvium at the foot of W b i t c l i f f e Wood (145012), 
9* of grey c r i n o i d a l limestone have been exposed. I n t h i n ' s e c t i o n 
t h i s i s so s i m i l a r to parts of the 5 Yard Limestone that i t i s 
thought to belong to that horizon. But proof i s impossible 
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s t r a t i g r a p b i c a l l y , as the exposure i s e n t i r e l y i s o l a t e d , and the 
nearest outcrop i s that of the Main Limestone at the top of the 
wood, nearly 350* higher up, l a n d s l i p s covering the intervening 
slope. 
Another limestone exposure i n the Swale, east of Marske 
(115006), i s thought to be the 5 Yard Limestone. Here, 10' of grey 
c r i n o i d a l limestone, l i t h o l o g i c a l l y quite unlike the 3 Yard "Limestone, 
dip northwards away from the Marske f a u l t . I f t h i s i s the 5 Yard, 
there i s no sign of the 3 Yard Limestone above i t , i n West Wood. 
But that i s thought to have been cut out here (see s e c t i o n ( i i i ) ) , 
and the evidence i s i n favour of t h i s being the lower horizon. 
( i i ) Beds between the 5 Yard and 3 Yard limestones - western part of 
The 3 Yard Limestone i s not seen east of a roughly N-S l i n e 
through Greta Bridge and Barningbam, and i s thought to have been 
cut out i n that area. 36 t h i s s ection w i l l be confined to those 
beds seen west of the l i n e , where the 3 Yard i s known to be present. 
Upstream from the 5 Yard Limestone exposures i n the Greta, 
for about 1000 yards, various members of t h i s horizon are exposed 
as f a r as the sca r on the north bank, 300 yards west of Tbackholme 
(022128), where the following section i s seen:-
100 yards below t h i s scar, the western side of a wash-out 
i s seen i n the l e f t bank of the r i v e r , where current-bedded sandstone 
area 
Massive sandstone, passage up into 3 Yard Limestone 
Sandstone and shale, 12 alternations 
Shale, with scattered ironstone nodules 
Coal and carbonaceous shale 
L e n t i c u l a r sandstone, with Stigmaria 
Sbaley sandstone, micaceous, carbonaceous i n part 
10» 
3» 
10 T 
12" 
0-3* 
4«* 
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i s seen cutting down eastwards into sandy shale. Downstream from 
here, f a i r l y frequent exposures of sandstone are seen, the current-
bedding i n which dips between ENS and NW, through north. Ripple 
marks are sometimes seen. The sandstone i s mainly medium-grained, 
l i g h t brown, sometimes with small limonite spots, with small mica 
f l a k e s and carbonaceous material on the bedding planes (which pre-
sumably represent r e l a t i v e l y quiet periods during deposition). 
Thin bands of shaley sandstone and sandy shale are also seen i n 
many places, and the whole of t h i s horizon i s c l e a r l y very v a r i a b l e 
l a t e r a l l y . For the most part, i t i s only possible to map i t as one 
u n i t . 150 yards east of Rutherford Bridge, 8* of sandstone on 8 1 
of sandy shale are exposed i n a l i t t l e gully within 10* of the top 
of the 5 Yard Limestone, so j u s t here, the shale which'is seen over-
l y i n g the limestone 200 yards below the bridge must be quite t h i n . 
Along the north side of B r i g n a l l Banks, part of the sandstone 
band which underlies the 3 Yard Limestone has been mapped. I t i s 
exposed i n small quarries near Moor House Cottages (052118), where 
current-bedding with an e a s t e r l y dip was observed. " Bast of t h i s , 
i t i s not seen again, due to d r i f t and l a n d s l i p s , u n t i l i t enters 
the Greta below B r i g n a l l (077121), where i t contains a number of 
sandy shale bands. E a s t of B r i g n a l l , i n a left-bank s c a r at a 
right-angle bend i n the Greta (078124), 21» of sandstone are seen 
underlying the 3 Yard Limestone, and 200 yards f u r t h e r downstream, 
where the limestone enters the r i v e r , 5" of gannister cap the 
sandstone. The following section i s seen i n the r i g h t bank of 
the Greta, i n North Wood (077119), where the 5 Yard Limestone 
disappears into the r i v e r : -
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Massive sandstone, with 3 Yard Limestone over 
Gap 
F o s s i l i f e r o u s sandstone 
Current-bedded u n f o s s i l i f e r o u s sandstone 
Shale 
Sandstone 
Shaley sandstone 
Sandstone 
Gap, almost c e r t a i n l y shale i n lower part 
14» 
12' 
2* 
l»6ft 
6 f 
8 1 
13"' 
3* 
32* 
5 Yard Limestone 91*6" 
The f o s s i l i f e r o u s sandstone contains gigantid productids 
over 6" across, which i s a feature not recorded anywhere el s e 
during the present survey. This section i s the only one, apart 
from the bore record at Mount Pleasant, where an accurate measurement 
of the separation of the 5 Yard and 3 Yard Limestones i s possible. 
At Mount Pleasant (033151)» t h i s i n t e r v a l , of only 33 f e e t , i s 
occupied mainly by'sandstone, with some shale bands, and i s capped 
by a 7" coal, with seatearth. Marine f o s s i l s occur i n two narrow 
bands towards the top ( f u l l e r d e t a i l s are given i n Appendix I I , p. 263 ) • 
As t h i s i n t e r v a l of 33 1 i s so much l e s s than the se c t i o n quoted 
from the Greta, however, i t i s p o s s i b l e t h a t the horizon which was 
taken to be the 5 Yard (and i n which the bore f i n i s h e d ) i s not that 
limestone a t a l l , but some intermediate marine band, p a r t i c u l a r l y 
w e l l developed. Any further evidence on t h i s point i s unfortunately 
lacking. 
South of the Greta, the un-named beck which flows o f f Bar-
ningham Moor to ^oin Primrose G i l l i n Ladysmith Plantation provides 
further exposures. Just north of tbe^road (075103), h a l f a dozen 
separate exposures of sandstone with shale partings are seen, while 
south of the road, 15" of d e c a l c i f i e d f o s s i l i f e r o u s sandstone on 
2*6" of pale grey micaceous sandstone are seen underlying the 3 Yard 
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Limes-bone. South-westwards from here, the sandstone i s mapped 
along a feature, and exposures occur on Rowley Intake (068094), 
where sandstone i s seen several times i n the two small becks. A 
short distance further west, d r i f t covers the feature, but two 
fur t h e r outcrops of sandstone are seen. One i s i n Scale Knoll 
G i l l (055088), where ? 0 f of massive and false-bedded sandstone are 
separated from the 5 Yard Limestone beneath by a gap of 6'. The 
other exposure i s i n the l i t t l e beck flowing down through"East Hope, 
% mile below the farm (041091) where a glimpse of the sandstone i s 
seen beneath t h i c k boulder clay. W and NW from here, as f a r as 
the Greta,this horizon i s nowhere exposed, 'and a l l the features 
are s u p e r f i c i a l . 
Two small outcrops of beds beneath the 3 Yard Limestone occur 
i n connection with the Paggergill-Waitgate f a u l t , both on the north 
or upthrow side, and both i n deep v a l l e y s . One i s i n Waitgate 
G i l l (083047), where 10» of sandstone with sandy shale at the base 
underlies the 3 Yard Limestone. The other i s i n Holgate Beck 
(063044), where some 15* of sandstone are seen dipping northwards 
under the 3 Yard Limestone. 
( i i i ) 3 Yard Limestone 
The most westerly exposure occurs at the top of a scar on 
the north bank of the River Greta, 300 yards west of Tbackholme 
(022128), where 10 1 of "the 3 Yard Limestone, overlain'by d r i f t , pass 
down through 10" of passage beds (sandy limestone and calcareous 
sandstone) into~tbe sandstone beneath. The passage beds, i n t h i n 
section, are seen to consi s t of angular quartz grains (many with 
s t r a i n shadows), rare grains of pla g i o c l a s e , a l i t t l e muscovite 
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and occasional small zircons, set i n a v a r i a b l e proportion of 
calcareous matrix, the l a t t e r including some brachiopod fragments 
and c r i n o i d o s s i c l e s . The band specimen gives the impression of 
limestone spots i n sandstone, increasing i n frequency upwards. A 
s e c t i o n from l 1 above the passage beds s t i l l shows scattered quartz 
grains i n the limestone, and deposition of c l a s t i c material evidently 
overlapped to a considerable degree with the onset of marine con-
d i t i o n s , t h i s not normally being the case with the major Yoredale 
limestones. Small brown ankerite rhombs replace c a l c i t e here and 
there, and brachiopod fragments, foraminifera (including Howchinia) 
and oo l i t h s can a l l be distinguished, although'their o r i g i n a l 
material has a l l r e c r y s t a l l i z e d to very f i n e l y granular c a l c i t e . 
The same has happened to much of the matrix, but c r i n o i d o s s i c l e s 
have s u c c e s s f u l l y r e s i s t e d r e c r y s t a l l i s a t i o n . The main bulk of the 
limestone i s the normal dark grey c r i n o i d a l type. 
Loose blocks of limestone are seen i n the wood below Hundah 
Farm (126028), marking the p o s i t i o n of the 3 Yard, but the next 
place to the east where i t i s seen i n s i t u i s i n B r i g n a l l Banks, 
i n the l i t t l e beck running eastwards through B r i g n a l l i t s e l f 
(076123). Here, the lowest 18" i s seen, passing down through 6 M 
of sandy limestone to sandstone~, of which only 18" i s v i s i b l e , " i n 
t h i n section, the sandstone and passage beds are s i m i l a r to those 
described above, except that zircon i s somewhat more p l e n t i f u l here. 
The limestone, however, s t i l l has considerable numbers of quartz 
grains i n i t 18 M from the base, the highest part of t h i s exposure, 
and the evidence of r e c r y s t a l l i s a t i o n from the previous exposure i s 
lacking. The f u l l thickness of the 3 Yard Limestone i s exposed at 
Scotchman^ Stone (081125), however, where i t closes i n the Greta, 
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dipping 4° HE beneath the overlying shale. This i s the only place 
covered by the present survey where the whole' of t h i s horizon i s 
v i s i b l e . The s e c t i o n i s : -
Limestone, weathering pale brown, shale over 5* 
Shale, with bracbiopods and bryozoa, also 
plants i n lower part 5*6" 
Dark grey limestone 
Mottled sandy limestone, passing downwards to fhll 
Gannister 12 ,4 , t 
I n t h i n section, the passage beds are s i m i l a r to those 
f u r t h e r upstream, but the lower limestone i s devoid of a l l c l a s t i c 
material. I t i s very r i c h i n foraminifera, and also contains 
brachiopod and c r i n o i d fragments. The upper limestone, on the 
other hand, i s almost e n t i r e l y r e c r y s t a l l i s e d to a mozaic of small 
pale brown in t e r l o c k i n g rhombs of ankerite, only the c r i n o i d 
o s s i c l e s and stouter bracbiopod fragments having r e s i s t e d a l t e r a t i o n . 
On the ri g h t bank of the Greta, the limestone r i s e s again 
to the SW, and i s seen r e s t i n g on sandstone above Parson's I s l a n d 
(078125) and also i n North Wood (075118), beyond which i t i s e n t i r e l y 
drift-covered as f a r as the un-named back to the west of Barningbam. 
Here i t i s seen (078099) i n a section drawn out over 350 yards, the 
northerly dip being almost equal to the slope of the stream bed. 
The section i s i n 3 separate pa r t s , but can be pieced together as 
follows:-
Limestone with "pipes", boulder c l a y over 8" 
Brown-weathering g r e y c r i n o i d a l limestone 4*6" 
Shale, with many bryozoa 2» 
Gap v.??;;..*..:..»• $ ^rabably l e s s than 4 f 
Gannister "8" 
Sandstone, soft and carbonaceous Z ^ - S " 
I r r e g u l a r erosion surface 
Sandy limestone 0-2*6"' 
D e c a l c i f i e d f o s s i l i f e r o u s sandstone on 
sandstone l^y1 
About 
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The sandy limestone i s pale grey, with i r r e g u l a r patches 
which are more l i m e % i c h than others. This leads to d i f f e r e n t i a l 
weathering, which gives the rock a knobbly appearance. Under the 
microscope, the bulk of the rock i s seen to cons i s t of about 75% 
angular quartz grains with s t r a i n shadows, with a few grains of 
twinned plagioclase, occasional small zircons and muscovite leaves. 
The remaining 25% i s e n t i r e l y of c r y s t a l l i n e c a l c i t e acting as a 
matrix f o r the d e t r i t a l material, individual c r y s t a l s being up to 
4 mm i n length. The d e t r i t a l grains are i l l - s o r t e d , a l l s i z e s 
below 0.2 mm being present. Parts of the rock have the composition 
of a calcareous sandstone. But sections of the lime-rich patches 
(which have the appearance of calcite-mudstone i n hand specimen, 
and account f o r about 1/3 of the t o t a l volume) show only 20-40% of 
d e t r i t a l material, the matrix being a very fine-grained mozaic of 
r e c r y s t a l l i s e d c a l c i t e , with round patches free from quartz grains 
which were evidently once c r i n o i d o s s i c l e s . The erosion surface 
above t h i s i s well seen, and i n one place cuts down to the base of 
the sandy limestone. The soft sandstone above moulds i t s e l f on 
to the i r r e g u l a r i t i e s of the eroded surface, and i s s i m i l a r l i t h o l o -
g i c a l l y to the overlying gannister, d i f f e r i n g from i t only through 
lack of cementation. Above the gap, the shale (whose base i s not 
seen) i s exceptionally r i c h i n bryozoa, and also contains c r i n o i d 
o s s i c l e s . The overlying limestone i s s i m i l a r to that already 
described from Scotchman's Stone, apart from the upper 8", which 
contain more or l e s s v e r t i c a l tubes, about %" i n diameter, and of 
uncertain origin. A t h i n section shows the rock to consist almost 
e n t i r e l y of organic debris, comprising c r i n o i d o s s i c l e s , brachiopod 
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fragments, bryozoa and foraminifera, but with a few small o o l i t h s , 
and a pale green c r y p t o c r y s t a l l i n e mineral, probably glauconite, 
which occurs both as rounded grains and as replacement of bryozoa, 
foraminifera, e t c . Under the microscope, the tubes, i n contrast, 
are seen to consist l a r g e l y of c r y s t a l l i n e c a l c i t e , with none of 
the pale green mineral (suggesting that they were formed l a t e r than 
the r e s t of the r o c k ) , and only scattered f o s s i l fragments, mainly 
of brachiopods and bryozoa, and a few foraminifera, including 
Howchinia. P y r i t e s i n aggregates of very small cubes i s common. 
hot 
A sample of t h i s "tubular" limestone was treated with^dilute HOI, to 
remove both c a l c i t e and dolomite, and the r e s i d u a l material was 
found to contain common p y r i t e and amber-coloured, eubedral 
f l u o r i t e , occasional quartz grains, a few c r y s t a l s of spha l e r i t e 
(confirmed by a micro-chemical t e s t ) , a small conodont fragment and 
much of the pale green mineral. This was found to have an average 
r e f r a c t i v e index of 1.578, making collophane as w e l l as glauconite 
a p o s s i b i l i t y . But another micro-chemical t e s t f o r phosphate 
gave a negative r e s u l t , and i t i s concluded that the mineral i s 
probably glauconite. According to Wincbell (1951, p.377), glauconite 
with an E . I . as low as t h i s i s a v a r i e t y r i c h i n Mg or Al, and 
poor i n i r o n . 
Further westward, along Barningham Moor, there i s no further 
evidence f o r the 3 Yard Limestone, and i t s mapping i s not attempted. 
But southwards, over the watershed, the 3 Yard limestone i s seen 
along the Faggergill-Waitgate f a u l t . I n Holgate Beck, an exposure 
occurs 200 yards north of the f a u l t (06^045), where 15* of limestone 
dip northwards into the beck. I t i s seen immediately'to the north 
of the f a u l t on the east bank, 125* above the beck, while on the 
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south side i t i s down i n the water dipping southwards at 24 , 
showing the f a u l t to throw 125 1 down to the south. I n the l a t t e r 
exposure i t i s a dark grey compact limestone, rather muddy, with 
small c r i n o i d o s s i c l e s and also, i n t h i n section, brachiopod 
fragments, scattered foraminifera and ool i t h s . I n Waitgate G i l l , 
j u s t to the north of the f a u l t (083047), 5 1 of the limestone are 
seen. I t i s here grey-brown, compact, c r i n o i d a l and contains spiny 
productids and a bed of Dipbypbyllum. Thin sections show scattered 
quartz grains to be present, with foraminifera and a few oo l i t h s . 
The limestone i s overlain by a sandstone (of which 7' are seen) 
f o s s i l i f e r o u s at the very base, which moulds i t s e l f onto the eroded 
surface of the limestone beneath. A t h i n section from a few inches 
above the base showed about 80$ angular quartz grains, with ra r e 
plagioclase and zircons, cemented by c a l c i t e , and enclosing brachiopod 
fragments up to 2 mm. i n length. 
F i n a l l y , the record of the 3 l a r d Limestone from the Mount 
Pleasant bore (033151) i s j - " 
Limestone, grey and c.rinoidal, underlying shale 6» 
Shale, dark, with some plants and coal smuts 1' 
Shale, dark, with many bryozoa 6° 
Shale, dark and highly p y r i t i c 2 f 
Shale, dark and calcareous, passing down to l f 
Limestone, muddy, with some crinoids and s h e l l 
fragments, on coal 2' 
12*6" 
This section bears a s t r i k i n g resemblance to that measured 
at Scotchman's Stone, and i s also s i m i l a r to the Barningham exposure 
i n showing the 3 Yard to be i n two d i s t i n c t parts". 
46 
( i v ) Beds between the 3 Yard and Underset Limestones - western h a l f 
of area 
( a ) North of the Swaledale-Gilling v a l l e y watershed. 
This horizon i s seen i n the Greta between Gilmonby Bridge and 
Rutherford Bridge, where a number of i s o l a t e d exposures r i s e through 
the d r i f t . % mile upstream from the outcrop of the 3 Yard Lime-
stone (013128), 6» of sandstone are seen i n the south bank of the 
r i v e r . I t i s t h i c k l y false-bedded, s l i g h t l y micaceous, with c a r -
bonaceous material picking out the bedding. I n t h i n section, the 
sub-angular quartz grains are of metamorphic type, and small zircons 
are not uncommon. The mica i s muscovite. % mile f u r t h e r west 
(009130), there i s a glimpse of shale beneath alluvium i n the north 
bank, which contains bands, of ironstone nodules, and 150 yards 
north-west of t h i s , 40 1 higher up the bank, 12» of sbaley sandstone 
and sandy shale (the l a t t e r y i e l d i n g both plants and brachiopods), 
are seen i n a very small beck, where the dip i s 5° NE. Tbe next" 
exposure upstream i s i n Robin Hood»s Scar (003132) where 30 1 of 
false-bedded sandstone, becoming gannisteroid with Stigmaria towards 
the top, underlies the Underset Limestone. And 70 yards below 
Gilmonby Bridge, nfcere the limestone enters the r i v e r , a t h i n seat 
earth overlain by 3" of carbonaceous shale and coal can be seen on 
the sandstone i n the north bank info en the r i v e r i s low. 
North of the Greta, t h i s horizon i s seen only 3 times. 
% mile north of Rutherford Bridge there i s an area about 1 mile E-W 
and % mile N-S, which i s f r e e of d r i f t , and ins i d e which numerous 
outcrops of sandstone, mainly massive and current-bedded, sometimes 
with plant remains, are to be seen. I n a small quarry 75 yards 
north of Ox Pasture Farm (037129), the'sandstone contains c a s t s of 
47 
small crixioid o s s i c l e s , and the current-bedding dips NW. The best 
exposures of the beds above the 3 Yard Limestone occur "in the Greta, 
SW of Greta Bridge. At Scotchman^ Stone (081125), the limestone 
i s o v e r l a i n by 66 1 of shale, the upper part being somewhat sandy, 
with scattered plants. This i s o v e r l a i n unconformably by current-
bedded sandstone, with Stigmaria and coal streaks i n the lower part, 
which cuts down northwards into the shale. The erosion surface i s 
seen i n several places i n M i l l Wood, and i s a t i t s most spectacular 
i n the l e f t bank, 1/3 mile above Greta Bridge (084127), where i t i s 
seen to cut out 12* of shale i n a l a t e r a l distance of 30'. But 
here i t i s cutting"down southwards, the lowest horizon reached by 
the sandstone being some 50 yards to the south, which i s presumably 
the centre of a washout. The channel i s apparently running roughly 
NW-SEJ, and i s f i l l e d by at l e a s t 50 1 of highly current-bedded sand-
stone, which makes v e r t i c a l w a l l s i n M i l l Wood, but which i s c a r r i e d 
down into the r i v e r northwards by the regional dip, and through which 
a narrow gorge has been cut between the north end of M i l l Wood and 
He l l Cauldron (084129). Further downstream, the r e s t of t h i s 
horizon i s obscured, as i s most of the Underset cyclotbem, so i t i s 
not possible to estimate the i n t e r v a l between the sandstone of Hell 
Cauldron and the Underset Limestone, as the l a t t e r i s not exposed. 
The nearest comparable information comes from the bores at Wycliffe 
(2J& miles B) and Mount Pleasant (3$ miles WNW). The former 
(121134) proved at l e a s t 73 ,6" of non-marine Tseds beneath the Under-
set Limestone, which consisted of many alternations of sandstone and 
sandy shale, i t not being possible to recognise any of the horizons 
seen i n the Greta. The Mount Pleasant bore (033151), on the other 
hand, proved the following:-
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4. Coal on seat earth on gannister, underlying 
the Underset Limestone 5 ,2" 
3. Alternating hands of sandstone and shale, „ , 
with plants 39 17" 
2. Mainly sandstone, non-marine 23 13" 
1. Mainly shale, with plants i n upper part, 
marine f o s s i l s towards base, on 3 Yard 
Limestone 82' 
150'0" 
I t may be that the unconformity seen i n the Greta l i e s 
between the shale ( 1 ) and the sandstone ( 2 ) of the above section. 
I t would be dangerous to suggest more than t h i s , due to the great 
l a t e r a l v a r i a t i o n s that these non-marine beds can and do show, 
both i n thickness and i n f a c i e s . 
South of the Greta, exposures (mainly of sandstone) occur i n 
Barningbam Park and on Barningham Moor. A s e r i e s of overflow 
channels running through Barningham Park have cut down through a 
t h i c k sandstone, and have" l e f t 3 o u t l i e r s , much of which are 
l i t t e r e d with loose blocks of the sandstone, which i s massive and 
s l i g h t l y micaceous, and must be at l e a s t 60' thick. The beds 
beneath the sandstone are not seen, but the junction i s marked by 
occasional springs. The sandstone makes a strong feature westwards 
from Barningham Park, and i s exposed i n the un-named beck 200 yards 
above the top of the 3 Yard Limestone (077095), where i t i s overlain 
by a l t e r n a t i n g shales and sandstones. ' The feature continues along 
Bast and West Langbrough, with springs i s s u i n g from i t s base, and 
onto Barningham Moor, where i t dies out i n d r i f t j u s t a f t e r crossing 
Woodclose G i l l (044083), i n which 8' of false-bedded sandstone are 
seen. % mile SW of Barningbam, two r e l a t i v e l y t h i n sandstone bands 
have been mapped" on the north side of Oathaw Stoop (078092), where 
they make good features some 20' high f o r about # mile across an area 
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where the d r i f t cover i s quite t h i n . The features are l i t t e r e d 
with loose sandstone blocks at i n t e r v a l s . 
Westwards from Barningbam Moor, extensive boulder cla y 
obscures the whole of the 3 Yard cyclotbem except f o r a few places 
where the sandstone beneath the Underset i s seen. The best of 
these i s 200 yards north of Spanham (016103), where there i s a 
sect i o n i n the side of an overflow channel which shows:-
Carbonaceous shale underlying Underset Limestone 1" 
Soft carbonaceous sandstone 1*6" 
Massive white sandstone 8*6° 
Gap 10' 
Spring, presumably top of a shale band. 
There are remains of a number of shallow p i t s i n the side of 
the channel on a l e v e l with the spring, from which coal i s s a i d to 
have once been obtained, but nothing can now be seen of a seam. 
D r i f t covers t h i s horizon again as f a r as an old quarry # mile 
south of Plover Hall (007121). This i s f u l l of water, but a sample 
from the edge i s a massive compact well-cemented pale brown medium-
grained sandstone, with a few small limonite spots. At Plover 
l a l l i t s e l f (006125), flaggy sandstone has been worked i n "shallow 
p i t s , and i n How Low G i l l (000127) flaggy sandstone i s seen about 
10' below the base of the Underset Limestone. 
(b) South of the Swaledale-Gilling v a l l e y watershed 
South of the watershed, parts of the 3 Yard cyclotbem are 
exposed sporadically i n Holgate Beck. South of the F a g g e r g i l l -
Waitgate f a u l t , an outcrop on the east bank 250 yards"above Goat's 
Bridge (064041) shows 12 1 of f o s s i l i f e r o u s sandstone on shale dip-
ping 10° SE. The sandstone i s brown, rather fine-grained and 
compact, with bracbiopods (mainly s p i r i f e r s ) preserved i n limonite. 
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North of the f a u l t , i s o l a t e d sandstone exposures occur upstream 
from the 3 Yard Limestone as f a r as Kexwith (053051), where 6» of 
a l t e r n a t i n g sandstone and sandy shale are seen. 350 yards west 
of the confluence of Moresdale d i l l with Arndale Beck (051049) the 
following section i s seen:-
Gannister passing up into cherty base of ' c „ Underset Limestone 2»6 
Almost unconsolidated pale brown micaceous sand 2* 
Sandstone with sbaley sandstone bands, scattered 
bracbiopod c a s t s 20 1 
while 250 yards north of Kexwith, the section i n 
an excavation f o r a water-wheel i s : -
Gannister passing up into cherty base of 
Underset Limestone 4" 
Micaceous seat earth 6" 
F r i a b l e coal 6rt 
Sandy seat earth 1* 
Gap 1»6" 
Sandstone 
I n the bank south of K£xwith, coal fragments were found i n 
the s o i l some 40 1 below the base of the Underset Limestone, which 
may correspond with the seam formerly worked at Spanbam. South-
eastwards from Kexwith, the NE side of the v a l l e y i s covered by very 
extensive l a n d s l i p s f o r ji mile, but south of West House the sandstone 
beneath the Underset Limestone s t a r t s a very good feature which runs 
up onto the south side of Holgate How, and i s covered with large 
blocks of massive sandstone. E a s t of Holgate How there are no 
exposures, due to peat cover, u n t i l the section i n Waitgate G i l l 
i s reached. Here, a sandstone r e s t s on an erosion surface of the 
attenuated 3 Yard Limestone Just north of the b i g f a u l t (083047). 
The sandstone contains brachiopod fragments and about 20% of 
calcareous cement at i t s base. Only 7 1 of i t are seen, 'however, 
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and t h e nex t 50* i n t h e success ion are no t seen i n s i t u , b u t are 
p r o b a b l y o f sandstone, j u d g i n g f r o m t h e number o f loose sandstone 
b l o c k s . Above t h i s , 50' o f massive and cur ren t -bedded sandstone 
a re w e l l seen i n a s ide w a t e r f a l l west o f High Wai tga te (082051)» 
and t h i s i s o v e r l a i n by 25* o f s h a l e , t h e t o p o f which i s w e l l marked 
by l i n e s o f s p r i n g s a long bo th s ides o f t he v a l l e y below Bake Gate . 
300 ya rds NW o f High Wai tgate (082052), where a s m a l l beck en te r s 
f r o m t h e ea s t , t h i s shale i s seen t o be capped by about 8" o f moderate 
c o a l , which has been worked nearby f r o m a v e r t i c a l s h a f t -Bhrough t h e 
o v e r l y i n g sandstone. Th i s sandstone, w e l l seen a t Sake Gate 
(080056) u n d e r l y i n g the Underset Limestone, i s 25* t h i c k , and has 
an almost u n c o n s o l i d a t e d h o r i z o n some 4» f r o m t b e ' t o p , s i m i l a r t o 
t h a t seen i n Moresdale G i l l . 
South o f t h e f a u l t , t h e upper f e w f e e t o f the 3 Yard cyc lo them 
a re w e l l seen i n Buzzard Scar (085042) , where the s e c t i o n i s : -
Oalcareous sandstone, u n d e r l y i n g c b e r t y base 
o f Underset Limestone l M - 9 " 
Goal 0 - 1 " 
Seat e a r t h , w i t h carbonaceous shaley s t r e ak s 6"-9 f t 
Gannis te r 3« 
S o f t sandstone, p o o r l y c o n s o l i d a t e d 1*6" 
Goal 0-1" 
Gannis te r 9"~ 
S o f t w h i t e sandstone w i t h p l a n t s l 1 ' 
Current -bedded, r i p p l e - m a r k e d sandstone, t o beck 8 1 
15* 
About a m i l e f u r t h e r downstream, south o f t h e f a u l t c r o s s i n g 
the v a l l e y near T e l f i t , sandstone i s exposed on bo th s ides o f t h e 
beck beneath t h e Underset Limestone . I t i s w e l l seen above Orgate 
(093019), where i t i s p r o b a b l y i n excess o f 50' i n t h i c k n e s s , 
a l though no more t h a n 15' are seen i n any s i n g l e o u t c r o p . 
Sandstone, o f t e n cur ren t -bedded , i s exposed a t i n t e r v a l s down t o 
t h e beck, where 14* o f i t f o r m Orgate Force . There are probably-
many sbaley bands i n t he success ion , bu t t h e y are not seen. 
The upper p a r t o f t h e 3 Yard cyc lo tbem i s a l so seen i n 
Clapgate Beck. 200 yards below t h e j u n c t i o n w i t h Hey G i l l ( 1 1 4 0 2 7 ) , . 
t h e Underset Limestone i s u n d e r l a i n by 2* o f s o f t sandstone, on 7 f 
o f w e l l - c o n s o l i d a t e d sandstone, on 5* o f sbaley sandstone. Below 
t h e b r i d g e , i n O t t e r i n g t o n P l a n t a t i o n (112015).201 o f sandstone, 
a l l w e l l - c o n s o l i d a t e d , are seen t o d i r e c t l y u n d e r l y t h e Underset 
Limestone , i n marked c o n t r a s t t o t h e more complex s e c t i o n s f u r t h e r 
t o t he HW. The d i p o f t h e c u r r e n t - b e d d i n g i n t h i s sandstone i s 
ma in ly t o t h e south-wes t . 
( v ) Beds between t h e 5 Yard and Underset Limestones - e a s t e rn h a l f 
o f area 
This s e c t i o n deals w i t h t h e area where t he 3 Yard Limestone 
i s no t seen, and i s thought t o have been c u t out by the o v e r l y i n g 
sandstone as demonstrated i n Wai tga te G i l l . 
A long t he n o r t h s ide o f t h e G i l l i n g v a l l e y , outcrops are v e r y 
s c a t t e r e d , and no s a t i s f a c t o r y success ion can be de termined as t h e y 
are m o s t l y i s o l a t e d by d r i f t . The most w e s t e r l y exposures are 
i n Browson Bank (128102) , where 10* o f p a l e brown medium-grained 
s l i g h t l y micaceous f a l s e -bedded sandstone u n d e r l y t he Underset 
Limestone . A lower h o r i z o n i s seen i n a sma l l d r i f t - f r e e area on 
Dunsa Bank (133094) , where 30* o f f a l s e -bedded sandstone are seen. 
Sandstone comes t o t h e s u r f a c e aga in % m i l e SB of O a r k i n Moor Farm 
(168082) , where i t has been q u a r r i e d . " 251 were measured, and the 
c u r r e n t - b e d d i n g was seen t o d i p i n a l l d i r e c t i o n s o f t h e compass 
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i n d i f f e r e n t p a r t s of the q u a r r y . D i d d e r s l e y H i l l , a f u r t h e r 1/3 
m i l e SB, i s a s t r i k i n g sandstone peak r i s i n g 75' out o f t h e su r round-
i n g d r i f t . B lack H i l l ( j u s t across t h e road ) i s ano the r , and o l d 
q u a r r i e s i n t o t h e b i l l show t h e sandstone t o be e x c e p t i o n a l l y f a l s e -
bedded he re . A bo re -ho le was sunk f o r water by W. Coulsoh L t d . 
i n 1946 on the east s ide o f B lack H i l l , and t h e d r i l l e r s l o g gave 
the success ion a s : -
Sandstone 16*6" 
Grey shale 1 4 ' 2 H 
Sandstone and shale a l t e r n a t i o n s 24*1" 
Dark grey sha le w i t h i r o n s t o n e nodules on 
5 Ya rd Limestone 23 y 6 r t 
The beds beneath t h e upper sandstone are nowhere exposed 
on t h i s s i de o f the v a l l e y , due t o d r i f t cover , and t h i s i s t h e 
o n l y i n f o r m a t i o n a v a i l a b l e . The upper sandstone i s w e l l seen aga in 
i n Gatber ley Moor q u a r r y (192067), where 8 ' o f d r i f t o v e r l i e 25' o f 
pa le brown cur ren t -bedded ' sands tone , w i t h much w h i t e mica and 
carbonaceous m a t e r i a l c o v e r i n g t h e bedding p l a n e s . The f a l s e -
bedding s lopes i n a l l d i r e c t i o n s , t h e h i g h e s t d i p recorded b e i n g 
3 8 ° . 300 yards NB, a sma l l roads ide quar ry ( p a r t l y f u l l o f w a t e r ) 
gave t h i s s e c t i o n : -
Sandstone, p o o r l y f l a g g y i n p a r t 7 1 
Shale , t r a c e s o f c o a l i n s o i l near t o p 5* 
Shaley sandstone 2' 
Massive and cur ren t -bedded sandstone 15 
29 * 
Northwards f r o m t h i s quar ry f o r about % m i l e , the d r i f t 
cover i s v e r y t h i n o r absent , and s o l i d sandstone i s sometimes 
reached i n deep p l o u g h i n g . KB towards Melsonby, t he s u r f a c e must 
be almost a d i p s l o p e . I n Sedbury Park , the qua r ry 350 yards NE 
o f t h e H a l l (201055) shows 16« o f sandstone, i n which s t r o n g l y 
developed c u r r e n t bedding d ip s m a i n l y SB. A m i l e NW o f Ga ther ley 
Moor, the f l o o r o f a l a r g e qua r ry i n t h e Underset Limestone (186080) 
i s o f g a n n i s t e r , and % m i l e east o f t h i s (191078) an o l d qua r ry 
shows 20 1 o f sandstone covered by d r i f t , between 3 ' and 151 t h i c k . 
SW o f Low Merrybent (208075)» a beck s e c t i o n between 250 and 350 
ya rds f r o m the f a r m shows a d i p s lope o f sandstone o v e r l a i n by s h a l e . 
% m i l e n o r t h of M i d d l e t o n Tyas (228067) a sma l l i n l i e r o f carbonace-
ous sandstone surrounded by Underset Limestone i s seen i n a l i t t l e 
wood. The sandstone, o f which o n l y 2» are seen, i s v e r y s l i g h t l y 
ca l ca reous , and bears t r a c e s o f m a l a c h i t e . 
South o f G i l l i n g Beck t h e r e are many exposures o f sandstone, 
m o s t l y j u s t beneath t h e Underset Limestone . I n an ou tc rop 400 yards 
eas t of O l l i v e r (188031) 9 1 o f sandstone are seen pas s ing .up through 
9" passage beds i n t o t h e l imes tone above. To t h e west t h i s h o r i z o n 
i s next seen i n t h e o l d q u a r r y near The Temple, i n Aske Park 
(174035)* where 1 5 1 o f p a l e brown medium-coarse w e l l j o i n t e d massive 
sandstone has been used f o r b u i l d i n g on t h e Marquis o f Z e t l a n d ' s 
e s t a t e . I n Mouldron P l a n t a t i o n (167037) i t has a l so been q u a r r i e d , 
and westwards f r o m t h e r e i t s base makes a good f e a t u r e round the 
n o r t h s i de o f Black P l a n t a t i o n as f a r as t h e Wbashton Spr ings f a u l t . 
700 yards n o r t h o f Aske Moor Farm (151044) , a q u a r r y i n t o t h i s 
f e a t u r e exposes 25* o f massive and"fa lse-bedded sandstone, and i n 
the P l a n t a t i o n i t s e l f t h e r e are numerous sma l l areas where the d r i f t 
has gone, r e v e a l i n g t h e sandstone i n pavements. % m i l e HW o f Aske 
Moor (148040) , t h e t o p o f t h e sandstone i s seen t o 'be r a t h e r coarse, 
and a p a l e p u r p l e - b r o w n c o l o u r . I t c o n t a i n s s c a t t e r e d f o s s i l c a s t s , 
and g l a c i a l s t r i a e are p rese rved on i t s upper s u r f a c e . I n t h i n 
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s e c t i o n , sub-angular quar tz g r a i n s up t o 0 .4 mm i n d iameter c o n t a i n 
many v e r y sma l l z i r c o n c r y s t a l s , and many have s t r o n g s t r a i n shadows. 
Severa l sphene g r a i n s were seen, and some of t h e quar tz g r a i n s are 
o f s u t u r e d aggregates . Between tbe Wbasbton Spr ings and Peldom 
f a u l t s , t h e r e are o n l y two exposures. One i s i n Lowne Wood (137046) 
where 8» o f sandstone are seen i n Spr ings Beck. The o t h e r i s a t 
S turdy House (135052) where many l a r g e b l o c k s o f sandstone occur 
j u s t below t h e s p r i n g s i s s u i n g f r o m t h e base o f t b e Underset L i m e -
s tone . West o f t h e K i r b y H i l l f a u l t , t h e sandstone beneath t h e 
Underset i s p i c k e d up" i n patches where t h e d r i f t has gone. One o f 
these i s % m i l e south o f Pace's House (116063) where 3* o f massive 
sandstone i s seen i n an o l d sha l low q u a r r y . Jus t n o r t h o f t h i s , 
o l d s h a f t s have been sunk t o work a c o a l seam which occurs beneath 
t h e sandstone. The seam i s s a i d t o bave been 7" t h i c k , and p r o b a b l y 
corresponds w i t h t h a t seen i n Wai tgate G i l l . #~mi l e SW o f P a c e ^ 
House, sandstone b l o c k s are seen beneath an i s o l a t e d ou tc rop o f 
t he Underset Limes tone , and J4 m i l e SB o f Hornbr iggs (096063) , where 
two m i n e r a l i s e d f a u l t s have been worked, sandstone i s seen immedia te-
l y beneath t h e l imes tone i n s e v e r a l p l a c e s . A temporary e x c a v a t i o n 
i n a s p r i n g a t t b e base o f tbe l imes tone r e v e a l e d 
The sand i s a t t h e same l e v e l as t h a t seen a t Bake Gate and i n 
Olapgate Beck. North-westwards t h i s h o r i z o n i s obscured as f a r 
as t h e head o f Dous G i l l (083075) i where 3 ' o f f l a g g y sandstone i s 
seen above a s m a l l s p r i n g ^ Another d r i f t - f r e e patch s t r a d d l e s t he 
r o a d f r o m Hewsham between 200 and 400 ya rds south o f C a r t e r House 
Sandstone, l imes tone over 
Pale y e l l o w sand 
Clay 
Sandstone 
1» 
2*6" 
2« 
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(080079)* where s e v e r a l exposures o f a p a l e wel l -cemented medium-
coarse sandstone w i t h s c a t t e r e d p l a n t remains are seen. 
I t has p roved p o s s i b l e t o map another sandstone band about 
mid-way between t h e 5 Y a r d and Underset Limestones , f o r about 1% 
m i l e s a long t h e h i l l s i d e south o f Gayles , which may be t h e same as 
t h a t seen on Dunsa Bank, across the v a l l e y . The bes t exposure i s 
i n Gayles quar ry (128066) where a number o f s e c t i o n s bear l i t t l e 
resemblance t o one ano ther . L e n t i c u l a r beds o f massive sandstone 
are separated by v e r y v a r i a b l e bands o f sba ley sandstone and sandy 
sha le , about 25* b e i n g seen beneath a d r i f t cover o f up t o 18*. 
A long t h e n o r t h f a c e o f t h e qua r ry , p e r c o l a t i o n o f i r o n - r i c h waters 
th rough t h e massive sandstone has l e d t o b i z a r r e p a t t e r n s o f l i m o n i t e 
s t a i n i n g , which a t f i r s t s i g h t migh t be mis taken f o r e x t r a o r d i n a r y 
f a l s e - b e d d i n g . Eastwards t h i s sandstone i s c u t o f f by t h e K i r b y 
H i l l f a u l t , b u t westwards i t makes a s t rong , f e a t u r e th rough Park 
Wood as f a r as Jenny ' s P l a n t a t i o n (118069) , w i t h sandstone b l o c k s 
On t h e s l ope . Beyond t h a t i t i s l o s t i n b o u l d e r c l a y except f o r 
an exposure i n t h e beck on t h e SE s ide o f Cas t l e Steads (112072). 
Here, some 1 2 1 o f sandstone w i t h " f a l s e - b e d d i n g d i p p i n g WSW i s seen 
beneath a t l e a s t 50* o f bou lde r c l a y . And i n Chapel G i l l " , 200 
yards NW o f High D a l t o n H a l l (102088) , an i s o l a t e d exposure, 
p o s s i b l y o f t h e same h o r i z o n , shows 16 ' o f m a i n l y f l a g g y sandstone, 
s p l i t up w i t h shaley p a r t i n g s o f l " - 2 " ~ i n t h i c k n e s s , beneath t h i c k 
d r i f t . Another t h i n band o f sandstone has been mapped f o r m i l e 
a l o n g t h e h i l l s i d e south o f Gayles H a l l (122071) on t h e s t r e n g t h o f 
a f e a t u r e w i t h sandstone b locks on i t , which i s w e l l marked round 
The Clump, 200 ya rds west o f the b a l l . 
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I n t h e n o r t h bank o f t b e Swale, 1/3 m i l e above t h e o l d m i l l 
west of"Richmond (155007)* t h e Underset Limestone i s seen r e s t i n g 
on 18" ga mi l a t e r , 2 f beneath which i s a massive sandstone, exposed 
as f a r downstream as t b e b a t h i n g s t eps . Tbe 2* gap between 
g a n n l s t e r and sandstone i s seen i n the south bank t o be t b e h o r i z o n 
o f s o f t sand a l r eady mentioned f r o m a number o f l o c a l i t i e s f u r t h e r 
north—west. 
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CHAPTER 5 
THE UNDERSET CYCLOTHEM 
The Underset cyc lo them i s one o f t h e bes t known o f t h e 
r h y t h m i c u n i t s c o m p r i s i n g t h e Middle Limestone Group t o t h e south 
o f S ta inmore , and t h e Underset L imes tone , which marks i t s base, 
i s e a s i l y r ecogn i sab l e i n most p laces by i t s p r o x i m i t y t o t h e t h i c k 
o v e r l y i n g Main Limestone . Over t h e A l s t o n Block (where t h e 
l imes tone a t t h e base i s known as t h e Pour Fathom Limes tone) t h i s 
i n t e r v a l has been p e n e t r a t e d by many mine w o r k i n g s , and i n n e a r l y 
every case i s seen t o be a double cyc lo them, a t h i n l imes tone known 
as the I r o n Pos t , complete w i t h u n d e r l y i n g sandstone ( t h e Quarry 
H a z l e ) , o c c u r r i n g between the Pour Pathom and Great Limestones 
(Dunham, 1948, p .23). The Great L imes tone , t r a c e d round t h e 
Stainmore s y n c l i n e , i s e q u i v a l e n t t o t h e Main Limestone o f t h e 
A s k r i g g B l o c k , as was shown by Turner (1935)» and when Reading 
(1954) re-mapped t h e s y n c l i n e , he f o u n d t h a t t h e I r o n Post h o r i z o n 
was r ecogn i sab l e over most o f t h a t area a l s o . But he" c o u l d f i n d 
no t r a c e e i t h e r o f i t o r t h e u n d e r l y i n g Quarry Hazle i n t h e Bowes 
r e g i o n , where ou tc rops are separa ted f r o m t h e i r neares t e q u i v a l e n t s 
t o t h e west by 8 m i l e s , and t o t h e n o r t h by 6 m i l e s . Somewhere 
w i t h i n t h i s i n t e r v a l t h e I r o n Post Limestone as such has d i e d o u t , 
and i t i s s i g n i f i c a n t t h a t no "evidence f o r i t s ex i s tence has been 
d i s cove red anywhere d u r i n g t h e p resen t survey o f t h e ground t o t h e 
SE o f Sta inmore . C e r t a i n l y i n t he r e g i o n o f Bowes t h e lower h a l f 
o f t h e i n t e r v a l between t h e Underset and Main Limestones ( i n c l u d i n g 
t h e Underset C h e r t ) i s o f marine beds, and Reading 's c o n c l u s i o n 
t h a t here t h e r e was con t inuous marine d e p o s i t i o n contemporaneous 
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w i t h t h e f o r m a t i o n o f a normal cyc lo tbem t o the n o r t h and west i s 
no doubt c o r r e c t . But t o t h e south and east t h e t h i c k n e s s o f marine 
beds above t h e Underset i s no g r e a t e r t h a n u s u a l , and t h e i n t e r v a l 
between t b e bases o f t h e Underset and Main Limestones i s a s i n g l e 
normal rhy thmic u n i t , a p a r t f r o m t b e development o f c h e r t i n p l a c e s . 
Southwards, i n Swaledale and Wensleydale, t b e Survey f o u n d no 
evidence o f t h e I r o n Post e i t h e r , a l though i t was a p p a r e n t l y p i c k e d 
up i n p l aces on Winton and Kaber F e l l s , some 10 m i l e s WSW o f Bowes 
(Dakyns e t a l . 1891, p.133). 
D r . G . A . L . Johnson made a most i m p o r t a n t f i n d when he 
c o l l e c t e d s eve ra l g o n i a t i t e s , r e f e r r a b l e t o G i r t y o c e r a s , f r o m t b e 
l o w e r p a r t o f t h e shale s e p a r a t i n g t h e Underset Limestone and C h e r t , 
i n t he core o f t h e Mount Pleasant bore miles"MB o f Bowes). 
These i n d i c a t e a h i g h P 2 h o r i z o n , and as t b e base o f t he Main 
Limestone i s g e n e r a l l y agreed t o l i e w i t h i n t b e Eumorphoceras Zone, 
t b e boundary between t h e Lower and Upper Ca rbon i f e rous would appear 
t o l i e between t b e Underset and Main Limestones , a l though T r o t t e r 
(1952) p r e f e r s t o draw i t l o w e r down,"near t h e M i d d l e Limes tone . 
The present p o s i t i o n i s admi rab ly summarised by Eayner (1953, 
pp.285-290), who i n c l i n e s t o t h e f o r m e r v i e w . 
Comparative s e c t i o n s o f t h e Underset cyc lo tbem are shown i n 
F i g . 3 ( p . 6 0 ) . 
STRATIGRAPHY 
The Underset Limestone has been mapped as a c lo sed ou tc rop 
a l l t h e way round t h e a n t i c l i n e , and i n gene ra l i s w e l l exposed 
except a long the n o r t h f l a n k o f t he s t r u c t u r e , where, over a d i s t ance 
o f 12 m i l e s , t h e r e i s on ly one s e r i e s o f ou tc rops i n a sma l l 
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d r i f t - f r e e p a t c h . For t h e most p a r t , i t i s a compact c r i n o i d a l 
l i m e s t o n e , b u t somewhat l i g h t e r i n c o l o u r t h a n the o t h e r Yoredale 
l imes tones seen i n t h i s a rea , n o r m a l l y b e i n g a creamy-grey c o l o u r . 
I t v a r i e s g r e a t l y i n t h i c k n e s s , b e i n g o n l y 1 2 1 i n i t s most w e s t e r l y 
exposure a t Gilmonby Br idge (995133), below Bowes, b u t 25* t h i c k 
i n t h e b o r e - h o l e a t Mount P leasant 2fc m i l e s t o t h e NE, which i s t h e 
more normal t h i c k n e s s . East o f a l i n e r u n n i n g r o u g h l y N-S th rough 
Richmond, however, t h e upper p a r t o f t h e Underset has a v e r y d i f f e r -
ent l i t h o l o g y , and i s composed almost e n t i r e l y o f coarse c r i n o i d a l 
d e b r i s , s t r i k i n g l y cu r r en t -bedded , which must have been d e p o s i t e d 
r a p i d l y by s t r o n g c u r r e n t s (which came f r o m a n o r t h e r l y d i r e c t i o n ) . 
I n t h i s a rea , a t t he e a s t e rn end o f t h e s t r u c t u r e , t h e Underset 
i s a t l e a s t 6 5 ' t h i c k , which i s t he h i g h e s t recorded f i g u r e n o r t h 
o f Wensleydale, a l t hough t h e au thors o f t he Ingleborougb Memoir 
(Dakyns e t a l . , 1890) measured g r e a t e r th i cknesses t h a n t h i s i n 
s e v e r a l p l aces f u r t h e r s o u t h . M i l l e r and Turner (1931) d e s c r i b e d 
a bed o f r o l l e d c o r a l s f r o m near t h e base o f t h e Underset Limestone 
a l o n g t h e Dent f a u l t , which has s ince been recogn i sed i n much o f 
upper S w a l e i d a l e , and Reading (1954) has recorded i t everywhere 
round t h e Stainmore s y n c l i n e except i n t h e Bowes r e g i o n . Th i s 
c o r a l bed was no t seen anywhere d u r i n g the presen t survey , i t be ing 
a p p a r e n t l y absent t o t h e east o f A r k e n g a r t b d a l e . 
I n p laces n o r t h o f S ta inmore , and a l s o i n upper Swaledale , 
t h e Underset Limestone i s sometimes c h a r a c t e r i s e d by Saecamina 
c a r t e r i , and o f t e n by c h e r t nodules . The f o r m e r has here been 
recorded f r o m o n l y one l o c a l i t y , bu t t he l a t t e r occur commonly t h r o u g h -
ou t t h e l i m e s t o n e , sometimes i n w e l l d e f i n e d bands. There i s 
evidence t h a t t h e Underset Limestone con ta ins a c e r t a i n amount o f 
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s i l i c a as a d e p o s i t i o n a l c o n s t i t u e n t , and t h a t i t i s t he subsequent 
c o n c e n t r a t i o n o f t h i s which has l e d t o t h e f o r m a t i o n o f t h e c h e r t 
nodu les . The base o f t h e l imes tone n o r m a l l y has a sharp j u n c t i o n 
w i t h t h e u n d e r l y i n g beds, b u t i n s e v e r a l cases t h e r e i s a g radua l 
t r a n s i t i o n upwards f r o m sandstone. The bo t tom f e w f e e t , over 
much of t h e area, have been r e c r y s t a l l i s e d and d o l o m i t i s e d , now 
b e i n g a c h a r a c t e r i s t i c b u f f c o l o u r , and over about 8 square m i l e s 
t o t h e n o r t h o f Marske, t h e lowest f e w inches o f t h e l imes tone 
have been s i l i c i f i e d t o a t h i n b l a c k c h e r t band. 
I n many p laces south o f S ta inmore , a c b e r t y s e r i e s i s de-
v e l o p e d on, o r a l i t t l e above, the Underset Limestone . There i s 
no r e c o r d o f i t on t h e A l s t o n B l o c k , and Reading (1954) f o u n d i t 
t o be absent across most o f t h e S t a i n m o r e " s y n c l i n e , o n l y making i t s 
appearance on t h e south s i d e , i n t h e Bowes r e g i o n , where outcrops 
a re l i m i t e d t o t h e v i c i n i t y o f the v i l l a g e . There, i t c o n s i s t s 
o f up t o 16 1 o f h a r d f o s s i l i f e r o u s mudstone and dark c h e r t bands, 
which a re separa ted f r o m t h e Underset Limestone by 20 ' o f s h a l e , 
and which Reading cons ide red t o be t h e l a t e r a l e q u i v a l e n t , i n p a r t , 
t o t h e I r o n Post Limestone . A l o n g the south s ide o f t h e a n t i c l i n e , 
however, outcrops o f c h e r t occur , separa ted f r o m those near Bowes 
by a t l e a s t 7 m i l e s , which l i e d i r e c t l y on the Underset Limestone . 
T h i s i s the normal occurrence t h roughou t much o f Swaledale and 
Wensleydale, and i t i s most p robab le t h a t t h e c h e r t s e r i e s a t Bowes 
i s a t a d i f f e r e n t h o r i z o n t o t h a t f o u n d f u r t h e r south and SE. The 
occurrence o f c h e r t i s v e r y s p o r a d i c , however, and i n upper Swaledale 
and Arkenga r thda le i t s t h i c k n e s s v a r i e s r a p i d l y between zero"and 3 6 ' , 
t h e maximum o c c u r r i n g near Reeth (Dakyns e t a l . 1891, pp.110 and 1 1 6 ) . 
The g r e a t e s t t h i c k n e s s o f c h e r t encountered d u r i n g the p resen t survey 
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was 26% n o r t h o f Marske. Through a combina t ion o f s u r f a c e o u t -
crops and sub- su r face i n f o r m a t i o n , i t i s known t o t h i n t owards , and 
be absent n o r t h and east o f a l i n e drawn r o u g h l y f r o m Barnard Oas t le 
t o Barningbam Moor, a long t h e south s ide o f t h e G i l l i n g v a l l e y and 
across t o M i d d l e t o n Tyas. On t b e south s ide o f t he Swaledale-
G i l l i n g v a l l e y watershed i t becomes w e l l - d e v e l o p e d , and g e n e r a l l y 
t akes t h e f o r m o f a banded s e r i e s o f s i l i c e o u s mudstones and dark 
c h e r t s , which commonly c o n t a i n ca lcareous sponge s p i c u l e s ( P l a t e 
7B, p . 70 ) . There i s no evidence o f o rgan ic o r i g i n f o r t h e s i l i c a , 
which was p r o b a b l y c h e m i c a l l y p r e c i p i t a t e d a t t b e t i m e o f d e p o s i t i d n 
( b u t see Chapter 9) . 
The shale between t h e Underset Limestone and Che r t , f r o m 
which t h e g o n i a t i t e s were o b t a i n e d i n the Mount P leasan t b o r e , i s 
exposed i n one p l ace o n l y , a t Gilmonby Br idge (near Bowes). 
D i l i g e n t search ing here by a number o f people fias f a i l e d t o f i n d any 
g o n i a t i t e s , b u t Pos idon ia membranacea ( M ' C o y ) , which occurs w i t h 
t h e g o n i a t i t e s a t Mount P leasan t , has been o b t a i n e d . I n the beds 
o v e r l y i n g t h e Underset Chert i n the Bowes area , c l a s t i c ' m a t e r i a l 
makes o n l y a v e r y s m a l l p r o p o r t i o n o f t he cyc lo tbem, and i n p laces 
i s v i r t u a l l y absent . Around Bowes, and westwards a t l e a s t as f a r 
as God's Br idge (956127) , a t h i n c o a l u n d e r l i e s t b e Main Limestone , 
beneath which a v e r y t h i n and v a r i a b l e sandstone r e s t s on"sha le , 
which con t inues down t o t h e Underset Che r t . Thus t h e T u f t 
Sandstone o f Stainmore and f u r t h e r n o r t h i s h a r d l y r ep resen ted . 
But f u r t h e r SE, a long t b e south s ide o f t b e G i l l i n g v a l l e y , a v e r y 
s t r o n g sandstone develops beneath t b e Ma in , a l t h o u g h on the n o r t h 
f l a n k o f t h e a n t i c l i n e i t remains t h i n and b roken up by shale bands. 
An i n t e r e s t i n g exposure occurs i n l a s t L a y t o n qua r ry (155106) , where 
63 
i t con ta ins a s u i t e o f copper -bea r ing m i n e r a l s , i n c l u d i n g b o r n i t e 
and c b a l c a n t h i t e . High on Barningham Moor, near the watershed 
between t h e Gre ta and t h e Swale, t h e sandstone i s a t l e a s t 60* 
t h i c k , which i s c o n s i d e r a b l y g r e a t e r t h a n any r e c o r d f o r t h e 
complete I r o n Post cyc lo them n o r t h o f Stainmore (Dunham, 194-8, p.25). 
I t i s unusual t o f i n d coa l capping t h i s sandstone," which o f t e n 
becomes coarse near i t s t o p , and a l though a g r adua l passage up i n t o 
t he o v e r l y i n g Main Limestone has been r eco rded f r o m s e v e r a l 
l o c a l i t i e s , a sharp j u n c t i o n i s much more common. I n the Richmond 
area , t h i s sandstone con t a in s about 20% f e l d s p a r s , and i s p r o p e r l y 
desc r ibed as a r k o s i c . 
The s e p a r a t i o n of t he Underset and Main Limestones averages 
100* over t h e a rea , a l though i n t h e wes t , where"the e q u i v a l e n t o f 
t h e T u f t i s a lmost unrepresen ted , i t f a l l s t o about 8 0 ' , and i n 
t h e extreme eas t , around M i d d l e t o n Tyas, i t i s a p p a r e n t l y as l i t t l e 
as 50*. This compares w i t h between 4-0* and 70' f o r upper Swaledale, 
and up t o 1501 i n p a r t s o f Wensleydale ( D a k y n s e t a l . 1891 , pp.92 
and 110). On t h e A l s t o n B l o c k , t h e comparable i n t e r v a l i s l e s s 
v a r i a b l e , be ing g e n e r a l l y about 100', d e s p i t e t h e presence o f the 
double cyc lo tbem. 
DETAILS 
( i ) Underset Limestone 
( a ) Round t h e a n t i c l i n e , n o r t h of t he S w a l e d a l e - G i l l i n g v a l l e y 
watershed." 
The Underset Limestone i s v e r y p o o r l y exposed a long the 
n o r t h e r n f l a n k o f t h e a n t i c l i n e . The ou tc rop c loses a t i t s wes te rn 
end i n t h e Gre ta , a t Gilmonby B r i d g e , below Bowes (995133). Here 
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i t i s a creamy-grey c r i n o i d a l l i m e s t o n e , n o t i c e a b l y p a l e r t h a n the 
o t h e r l imes tones o f t h e Midd le Limestone Group, and t h e f u l l t h i c k -
ness o f o n l y 12' i s seen. Due"to a low n o r t h e r l y d i p n e a r l y a t 
r i g h t angles t o t h e bank, t h e ou tc rop extends on e i t h e r s ide o f t h e 
b r i d g e f o r 150 y a r d s . The l imes tone i s e v i d e n t l y d o l o m i t i c i n p a r t , 
and beneath t h e b r i d g e has been l a c e d by a ne twork of t h i n c a l c i t e 
v e i n s . Eastwards, a long t h e n o r t h bank o f t h e r i v e r , t h e l imes tone 
can be t r a c e d f o r about 1/3 m i l e , where i t i s seen i n t h e bank 
beneath t h e Bowes Sewage Works, and a t the t o p o f Robin Hood Scar 
(003132), i t i s seen i n con tac t w i t h t h e u n d e r l y i n g sandstone." 
Eastwards f r o m t h i s exposure, t h e l imes tone i s comple te ly l o s t 
beneath d r i f t cover f o r 7% m i l e s , i t s p o s i t i o n on t h e map b e i n g 
i n s e r t e d r e l a t i v e t o t he Main Limestone above. The Underset has 
been p roved i n both t h e Mount Pleasant and W y c l i f f e bo re -bo l e s t o 
t he n o r t h . I n the f o r m e r i t was 25* t h i c k , ' grey and c r i n o i d a l , 
w i t h a 9" band o f l imes tone conglomerate 7 1 above t h e base, w h i l e 
t h e l a t t e r p roved i t t o be o n l y 18 1 t h i c k , " s l i g h t l y a r g i l l a c e o u s 
i n t h e upper p a r t . The nex t exposure on t h e n o r t h s i d e o f t h e 
G i l l i n g v a l l e y occurs i n a v e r y sma l l d r i f t - f r e e patch h a l f way up 
Stephen Bank, on road A.66 (122107), where 5 1 are seen i n an o l d 
q u a r r y . 250 yards f u r t h e r SE, however, t h e ' d r i f t becomes s u f f i -
c i e n t l y t h i n f o r t h e l imes tone t o f o r m a f e a t u r e , which can be 
f o l l o w e d f o r some 700 ya rds a long the t o p o f t h e v a l l e y , j u s t south 
o f W a t l i n g S t r e e t . There are a number o f o l d q u a r r i e s a long the 
l e n g t h o f t h i s f e a t u r e , i n which a maximum o f 16* o f l imes tone have 
been exposed, t h e upper 4 ' beneath the d r i f t be ing r a t h e r b roken up , 
due t o a combina t ion o f p f e - g l a c i a l wea the r ing and i c e a c t i o n . Some 
c h e r t nodules occur i n t h e more massive l imes tone beneath t h i s zone. 
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F u r t h e r eas t , t he Underset comple t e ly d isappears i n t o d r i f t aga in 
f o r another 3$ m i l e s , and i s nex t seen i n a q u a r r y on tbe south 
s ide o f West Lane, % m i l e west o f Melsonby (186087) , where t h e d r i f t 
cover i s o n l y 5 ' . Tbe p r e - g l a c i a l s u r f a c e must have been v e r y 
uneven, however, because a b o r e - h o l e i n t b e o r c h a r d o f Brecon House 
(300 ya rds n o r t h o f t h i s q u a r r y , and l e v e l w i t h i t ) en te red the 
Underset Limestone beneath 4 7 ' o f b o u l d e r c l a y . The q u a r r y s e c t i o n 
i s o f 45* o f l imes tone , i n p a r t o f q u i t e d i f f e r e n t l i t h o l o g y t o t h a t 
seen f u r t h e r west . The lower 25 ' are o f t he grey c r i n o i d a l type 
u s u a l l y a s soc ia t ed w i t h t h e Underset h o r i z o n , and a re even-bedded. 
But t h e upper 20* are c o a r s e l y c r i n o i d a l and s t r i k i n g l y c u r r e n t -
bedded, t h e d i p o f which i s 15° t o t h e sou th , i n o p p o s i t i o n t o t h e 
g e n t l e n o r t h e r l y d i p o f t h e even-bedded l o w e r p a r t . Th i s c u r r e n t -
bedded l imes tone i s v i r t u a l l y composed o f c r i n o i d d e b r i s , b u t i n 
t b e upper p a r t o f i t c h e r t nodules and some p r o d u c t i d s are p r e s e n t . 
SW f r o m he re , l imes tone i s g l impsed i n an o l d qua r ry 300 
ya rds east o f High Grange Farm (182082) , 30* lower t h a n (and 1/3 
m i l e u p - d i p f r o m ) t b e West Lane q u a r r y , and a f a u l t (downthrowing SE) 
has been i n s e r t e d on the map between tbe two exposures. % m i l e 
ESE f r o m High Grange (186080) , an e x c e l l e n t s e c t i o n i n tbe l o w e r , 
even-bedded p a r t o f t he Underset Limestone e x i s t s i n a worked q u a r r y . 
Here, 25* o f c r i n o i d a l l imes tone are seen beneath t h i n d r i f t , 
r e s t i n g on g a n n i s t e r i n t h e f l o o r o f t he q u a r r y . The l o w e r 2-3 
f e e t are brown and cavernous, and have been a l t e r e d t o a r o c k c o n -
s i s t i n g e s s e n t i a l l y o f an i n t e r l o c k i n g mass o f d o l o m i t e - a n k e r i t e 
rhombs. Some o f t h e c a v i t i e s are f i l l e d w i t h qua r t z ( i n d i v i d u a l 
c r y s t a l s r each ing 5 mm. i n l e n g t h ) , t h e presence o f which antedates 
t h e a l t e r a t i o n , and suggests t h a t t h i s l imes tone may c o n t a i n a 
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c e r t a i n amount of s i l i c a as a oppositional constituent (but see 
Chapter 6 ) . The r e s t of the limestone i s blue-grey and even-bedded, 
with dark argillaceous streaks appearing about 20 1 above the base, 
and with a band of chert nodules (average s i z e 6""x 4") between 5 ' 
and 7 1 above the base. These nodules are composite, having a pale 
rim, and a dark glassy core. I n t h i n section, the pale rim, which 
has a sharp margin against the limestone, and generally constitutes 
the bulk of the nodule, i s seen to be of about 75% microcrystalline 
s i l i c a , much of i t i n r a d i a l aggregates, i n which are embedded 
numerous small brown rhombs of ankerite, the r e s t of the rock being 
of corroded calcareous remnants of bracbiopod and c r i n o i d fragments. 
The only differences seen i n the dark core are i n the s i l i c a aggre-
gates, which are about twice the s i z e , and i n the ankerite rhombs, 
which are not quite so numerous. I t i s evident that complete r e -
c r y s t a l l i s a t i o n of a l l except the l a r g e r calcareous fragments had 
taken place a f t e r an i n i t i a l concentration of s i l i c a , the carbonate 
which was not displaced i n the process having r e c r y s t a l l i s e d within 
the new s i l i c e o u s matrix. Some 250 yards east of t h i s i s another 
smaller quarry section, which exposes 20' of limestone, complete 
with chert nodules and r e c r y s t a l l i s e d base, the dip of which i s 3° 
west, as opposed to 3 ° east i n the western quarry. There has been 
ponding between the two quarries, due to the converging dips and 
the impervious gannister underlying the limestone, evidence of t h i s 
being seen at the eastern end of the l a r g e r , worked quarry. Here, 
j o i n t s have been opened up into small caverns up to 6* above the 
limestone base, i n which s t a l a c t i t e s are common. The lower 2* are 
i n many instances f i l l e d with a brown clay, embedded i n which are 
lumps of the surrounding dolomitised limestone, and also water-worn 
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pebbles of chert (from tbe nodule band) and gannister (from the f l o o r ) . 
I n one widened j o i n t , t h i s material has been l i t b i f i e d by carbonate 
to a conglomerate, the pebbles i n which are up to % n i n diameter. 
Eastwards, the limestone i s next seen i n small d r i f t - f r e e patches 
i n and around Melsonby. I n an old roadside quarry 250 yards south 
of tbe v i l l a g e centre (197082), 22' of even-bedded, well j o i n t e d 
limestone underlie 8 1 of highly c r i n o i d a l , s l i g h t l y current-bedded 
limestone, tbe joi n t " s u r f a c e s bearing t r a c e s of cbalcopyrite and 
malachite. I n the beck and by the roadside f o r # mile east of the 
v i l l a g e cross-roads, there are numerous exposures of the upper 
current-bedded part of tbe limestone (sometimes with i r r e g u l a r 
s i l i c i f i e d patches) which i s composed l a r g e l y of c r i n o i d o s s i c l e s , 
commonly reaching 1 cm. or more i n diameter. "% mile further east, 
tbe Underset i s again seen i n Barton Old quarry (211081), where some 
15 1 of tbe lower even-bedded part have been exposed. I t i s tbe 
rather pale creamy-grey colour normally associated with t h i s horizon 
f u r t h e r westwards, and contains occasional small chert nodules. 
An unusual feature i s the presence of a coating (up to 1 cm. t h i c k ) 
on some of the j o i n t surfaces of r a d i a l aggregates of very f i n e l y 
fibrous, dead-white aragonite (H_ = 1 .530, N = 1.685), which i s 
probably of comparatively recent origin. On the other side of the 
Koman road, the largest s i ngle exposure of the Underset Limestone 
occurs i n Barton quarry, where there i s over a mile of quarry face. 
D r i f t cover i s between 2' and 20' t h i c k , noticeably red-brown along 
the eastern side ( T r i a s s i c m a t e r i a l ) , and the quarry i s e n t i r e l y i n 
the upper coarsely c r i n o i d a l part of t h i s horizon, at l e a s t 42» of 
which are seen. I t may well be more than t h i s , but estimation of 
the thickness across the quarry i s d i f f i c u l t due to tbe large-scale 
current-bedding. The limestone i s made up almost e n t i r e l y of 
c r i n o i d a l debris, including columnals up to 10" i n length. A few 
productids are present, and chert nodules occur i n bands which, under 
the microscope, are seen to consist l a r g e l y of s i l i c a i n r a d i a l 
aggregates up to 0.1 mm. across, i n which are set many pale brown 
ankerite rhombs of a l l s i z e s up to 0.5 nmu across. The remaining 
part i s taken up by c a l c i t e , i n the form of c r i n o i d o s s i c l e s , 
corroded both inside and out. Here again, the whole nodule (apart 
from the r e s i s t a n t calcareous remnants) has r e c r y s t a l l i s e d a f t e r an 
i n i t i a l concentration of s i l i c a , the undisplaced carbonate coming 
out as euhedral ankerite embedded i n the s i l i c a . 
The Underset Limestone proved to be only 34* t h i c k i n the 
Newton Morrell bore-bole (237093)* the lower 26* being a hard blue~ 
grey s l i g h t l y argillaceous c r i n o i d a l limestone^ This was capped 
by only 8' of pale coarsely c r i n o i d a l material, i n strong contrast 
to the very much greater thickness i n Barton quarry, only 1-1/3 
miles to the SW. 
A quarry 150 yards north of Low lerrybent Farm (211077), i n 
a small d r i f t - f r e e patch, shows 32''of l i t b i f i e d current-bedded 
c r i n o i d a l debris, also with bands of chert nodules, r e s t i n g on 6* 
of limestone with normal litbology. The farm i t s e l f i s b u i l t on 
s o l i d limestone, but southwards the ground i s drift-covered f o r 
1/3 mile as f a r as Kneeton H a l l , 200 yards west of which (211069) 
limestone (on which" are t r a c e s of chalcopyrite and malachite) has 
been brought up from an old shaft. The same minerals, together 
with a z u r i t e and chalcocite, have come from another shaft 200 yards 
NW of the H a l l , Tito ere they are also associated with galena. I n 
Kneeton H a l l quarry (214072), a section of 44» of Underset Limestone 
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i s covered by up to 15' of d r i f t (containing boulders, mainly of 
limestone, up to 5* a c r o s s ) , and has a w e l l - s t r i a t e d and polished 
upper surface. The dip v a r i e s between 4° and 9° away from the 
centre of the G i l l i n g dome, here some 3 miles distant. The 
limestone section shows 30 f of normal limestone (with chert nodules 
at i n t e r v a l s ) overlain by 14-f of highly c r i n o i d a l limestone, s l i g h t l y 
current-bedded, with a few productids. I n the SB corner of the 
quarry, 21 1 above the base of the sectionj a l e n t i c u l a r band of 
Aulophyllum up to 8 M t h i c k i s well seen. Across the Great North 
Road, coarse c r i n o i d a l limestone emerges from the d r i f t f o r about 
100 yards i n the f i e l d to the NE of Kneeton Cottages (217069), and 
% mile north of Middleton Lodge, i n Acre Howden Plantation (223072), 
20* of coarsely c r i n o i d a l limestone (with' a horizon of chert nodules) 
has been quarried i n another small d r i f t - f r e e patch. Orinoidal 
limestone i s seen by the side of Lodge G i l l Wood, 300 yards SB of 
Middleton Lodge, and again i n small exposures i n another d r i f t - f r e e 
patch straddling Five H i l l s Lane, between % and % mile north of 
Middleton Tyas. A good section occurs i n Leyberry Plantation, on 
the eastern o u t s k i r t s of Middleton Tyas (232059), where there are 
many small old quarries. The large quarry shows 50* of current-
bedded coarsely c r i n o i d a l limestone with chert nodules, overlain by 
the Underset Chert, a l l dipping SB. But 80 yards SB i s another 
quarry section showing 20* of current-bedded limestone, also dipping 
SE, the two quarries being separated by a branch of the main 
Middleton Tyas f a u l t , south of which the Underset Limestone occurs 
as an i n l i e r . I t i s w e l l seen i n Lamberry Bank Plantation, j u s t 
north of the Vicarage (230057), where 35* of" limestone, very 
v a r i a b l e both i n lithology and dip, are exposed. Large l e n t i c l e s 
.rxaue f 
A. Underset Limestone, Black Scar quarry. The current-bedded upper 
p a r t of t h i s h o r i z o n i s t r u n c a t e d by an e r o s i o n s u r f a c e , on 
which l i e s t h e t h i n Underset Chert ( o v e r l a i n by boulder c l a y ) . 
'"-V . 
B. Underset Chert, Marske Beck, x 42. Patchy areas of carbonate 
and small rhombs of dolomite (both dark) i n brown micro-
c r y s t a l l i n e s i l i c a , o u t l i n e d by which are s p i c u l e s replaced 
by c l e a r secondary s i l i c a w i t h r e l a t i v e l y high r e f r a c t i v e 
index. A c l u s t e r o f v e r y small hexagonal quartz c r y s t a l s 
has developed i n t h e centre of the photograph (see Chapter 9), 
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of current-bedded c r i n o i d a l limestone are enclosed i n tbe normal 
pale grey limestone, and i t would appear that t b i s was near tbe 
fringe of tbe area of disturbed deposition. Outcrops occur at 
i n t e r v a l s along botb sides of tbe v a l l e y as f a r soutb as Black Scar 
quarry (231052), tbe most southerly exposure of tbe i n l i e r . Here, 
i n the most spectacular of a l l the Underset exposures (P l a t e 7A, 
P. 70)> 4-61 of limestone are seen i n the northern end of tbe quarry. 
The lower 13 ? are of the normal pale grey even-bedded type, above 
which are 24* of s t r i k i n g l y current-bedded coarsely c r i n o i d a l lime-
stone, with i s o l a t e d cberty patches. This i n turn i s ove r l a i n by 
9' of l e s s coarsely c r i n o i d a l limestone, glauconitic towards tbe 
top, with occasional productids and Aulophyllum, and from which came 
tbe lowest specimen of H y a l o s t e l i a recorded i n tbe area. On t h i s 
r e s t s tbe Underset Chert. I n the soutb end of tbe quarry, however, 
4 1 of argillaceous limestone on 3' shale are a d d i t i o n a l l y present 
beneath the chert, the base of which i s c l e a r l y an erosion surface 
cutting down to tbe north. Tbe current-bedding i n tbe main bulk 
of tbe limestone i s dipping SW. Another s t r i k i n g feature of t b i s 
quarry i s tbe sporadic occurrence of malachite and a z u r i t e at a l l 
l e v e l s , p a r t i c u l a r l y on bedding planes and j o i n t surfaces, and at 
the north end, a j o i n t gap ( f i l l e d with brown c l a y ) was found to 
contain a v e r t i c a l slab of cbalcocite up to 1" t h i c k and nearly 
1 square foot i n area. I t has been suggested (see chapter 11) that 
copper mineralisation was by deposition from downward-percolating 
solutions. C e r t a i n l y there i s no evidence f o r a f a u l t within 
% mile of Black Scar quarry. 
I n the south-eastern corner of Sedbury Park, tbe Underset 
Limestone i s exposed immediately to tbe east of tbe Sedbury f a u l t at 
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T h e Rock* (200047), where 38' of grey c r i n o i d a l wavy-bedded lime-
stone i s seen dipping away from the f a u l t at 2 5 ° . The dip soon 
f l a t t e n s out, however, and the limestone makes a feature f o r some 
250 yards SB before being l o s t i n d r i f t . I t i s next seen i n 
Skeeby, 1% miles to the south, where a small quarry i n the yard of 
Hall Farm"(200025) exposes 12' of pale creamy-grey even-bedded 
c r i n o i d a l limestone. Opposite t h i s , on the north side of the road, 
a l a r g e r quarry exposes 23* of i t , here with occasional chert nodules. 
Between Skeeby and the Gilling-Ricbmond road, d r i f t cover on the 
outcrop of the Underset Limestone i s t h i n or absent, and i t makes 
a good northward-facing feature f o r much of t h i s distance. Lime-
stone occurs abundantly i n the s o i l above the feature, and small 
shallow quarries are numerous. 400 yards east of O l l i v e r (188031), 
the base of the limestone and the underlying sandstone are seen 
to be separated by 9" of passage beds, through which the change 
from rather coarse sandstone to limestone i s e n t i r e l y gradual. 
The lower few feet of the limestone have been dolomitised, and are 
l a r g e l y r e c r y s t a l l i s e d . Numerous small c a v i t i e s i n the rock, 
mainly no more than 1-2 mm. across, are l i n e d with t i n y rhombs of 
dolomite-ankerite. 300 yards 3W of O l l i v e r (183029) a quarry 
into the feature has opened up a very good section of the Underset 
Limestone. 27' are exposed, of which the lower 12' are even-bedded, 
with massive posts several f e e t t h i c k , and from which a small but 
complete c r i n o i d calyx was c o l l e c t e d (an unusual f i n d not repeated 
anywhere el s e i n the area). Above t h i s are 15' of s t r i k i n g l y 
current-bedded c r i n o i d a l limestone, coarse at several horizons, with 
abundant chert nodules i n the lower 8'. The dip of the current-
bedding i s between SSE and SW. 
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A short distance west of O l l i v e r quarry, the limestone d i s -
appears into the d r i f t again, to"be next seen % mile away on the 
western edge of Aske Park, 200 yards SW of 'The Temple 1 (173035)* 
i n a small and very shallow quarry. "Drift again obscures i t as 
f a r as the Richmond-Ravenswortb road, where 18' of limestone have 
been exposed i n a roadside quarry (162035). There i s no evidence 
anywhere i n Aske Beck f o r the Underset, but on the south side of 
Black Plantation the base of the limestone makes a low HB-facing 
feature for about 750 yards, which i s c l e a r l y displaced by a f a u l t 
about % mile north of Low Ooalsgartb (154038). 100 yards west of 
Aske Moor Farm (150037)» an i s o l a t e d and restricted"exposure i n the 
bank of the overflow channel shows the very top of the limestone 
beneath a t h i n bed of s i l i c e o u s limestone, the Underset Chert. 
300 yards MW from here, a limestone outcrop occurs adjacent to an 
old quarry i n the underlying sandstone. As so commonly happens 
near the base, t h i s limestone i s pale brown, with small c a v i t i e s , 
and i s seen i n t h i n section to be r e c r y s t a l l i s e d (except for some 
c r i n o i d o s s i c l e s ) into an i n t e r l o c k i n g mosaic of brown dolomite-
ankerite rhombs, a l l other traces of organic remains having been 
obliterated. Across the Wbasbton Springs f a u l t , the top of the 
limestone i s seen i n a shake-hole (144039) about 30 1 below the 
previous outcrop, where 5' of c r i n o i d a l limestone underly the Under-
set Chert. At Sturdy House (135051) i t emerges from the d r i f t to 
make a bold feature for 200 yards, as f a r as the Feldom f a u l t . 
Strong springs i s s u e from the base of the feature,~ and a quarry 
into i t has revealed 15 f of pale creamy-grey c r i n o i d a l limestone. 
NW of the f a u l t , a prominent feature some 25* high, which runs f o r 
% mile inside and p a r a l l e l to the Feldom moraine, may have a s o l i d 
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foundation even though i t i s drift-covered. The Underset i s next 
seen below Feldom Rigg where, i n an old quarry 1000 yards south 
of P a c e ^ House (115058), 10* of pale c r i n o i d a l limestone are seen 
underlying the Underset Chert. 30 yards to the south there i s an 
i s o l a t e d limestone outcrop, and a f a u l t (of throw at l e a s t 15* 
north) separates tbe two exposures. A l i t t l e way MW, a s e r i e s of 
swallow-boles ( i n one of which tbe limestone i s seen beneath 8* 
of boulder c l a y ) at a l e v e l some 40* below the quarry necessitate 
tbe i n s e r t i o n of another northerly-throwing f a u l t north of the 
quarry. % mile SW of Pace's House (109062), tbe limestone emerges 
from tbe d r i f t f o r about 100 yards, where i t s lower part (together 
with tbe underlying sandstone) i s recognised. Tbis l o c a l i t y i s 
25* higher than the swallow-holes marking the limestone top only a 
short distance to the SB, and another f a u l t must be drawn between 
the two exposures. 
Beyond t h i s , the outcrop i s obscured f o r another % mile, to 
be seen again J4 mile SE of Hornbriggs (097063), where two mineralised 
f a u l t s through" the limestone have been"worked. Tbe NE-SW branch 
has a throw NW of 10', and has brecciated and dolomitisedthe 
limestone, which i s veined by c a l c i t e . The main W-S f a u l t has 
c a r r i e d an o u t l i e r of limestone across to the HW side of the l i t t l e 
beck, which originates at a strong spring at the base of tbe lime-
stone j u s t east of the main f a u l t , now (1954) being harnessed f o r 
the public water supply. Shake boles occur j u s t north and soutb 
of Crumma House (093071), and from tbe top of Moor Lane (092075) 
% mile westwards"to Windsor Lodge (084074) a s e r i e s " o f swallow holes 
( i n one of which limestone i s seen"beneath 7 1 of d r i f t ) c l e a r l y 
mark the top of tbe Underset. I n another swallow hole at the 
74 
northern end of Harker Moss (081072) 4» of pale grey c r i n o i d a l lime-
stone are seen beneath the overlying shale and d r i f t . Further 
swallow holes occur i n an overflow channel between Low House 
(078072) and Byers H i l l (068074), i n several of which southerly-
dipping limestone, grey and crinoidal., i s seen overlain by shale. 
I n one bole 50 yards west of the road from Newsbam, galena occurs 
as an extremely t h i n patchy f i l m on a j o i n t surface. The nearest 
known f a u l t i s 450 yards away to the west, beyond wfoicb the limestone 
i s again seen i n a large shake-hole into the f l o o r of the overflow 
channel. 1 /3 mile north of Low House a roadside quarry (078078) 
has exposed 12' of p a r t i a l l y dolomitised c r i n o i d a l limestone near 
the base of the Underset, which i s overlain by 5 1 of boulder cla y 
containing a Shap granite e r r a t i c . Westwards f o r 1% miles scattered 
shake holes marking the top of the limestone comprise the only 
evidence for the Underset. I n Osmaril G i l l (054079) limestone 
comes to the surface i n e i t h e r bank at 1250 1 O.D., and west of t h i s 
f o r 2 /3 mile the d r i f t i s only t h i n , occasional"springs marking the 
base, and an almost continuous l i n e of shake holes marking the 
top of the band, which i s apparently.about 25' thick. 3 large 
swallow holes into the d r i f t are seen at 1270* O.D., 1 /3 mile NW 
of White F e l l , but beyond t h i s the Forestry Commission's plantation 
i s so t h i c k that penetration i s exceedingly d i f f i c u l t , " a n d estimation 
of p o s i t i o n with any accuracy v i r t u a l l y impossible. Only t h i c k 
d r i f t was seen, and the Underset Limestone has been mapped i n 
r e l a t i o n s h i p to the overlying Main Limestone, and also (where present) 
on the shake holes and springs plotted by the Ordnance Survey previous 
to a f f o r e s t a t i o n . 
North of the North Spanham f a u l t , the limestone comes out of 
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d r i f t at the farm (017101) and makes a feature f o r # mile round the 
south side of the overflow channel. There are numerous outcrops 
on the feature, and a section of the lower 16' i s seen, dipping 
north at 3°, i n an old quarry some 200 yards north of Spanham. 
North of the North Spanbam f a u l t , the top of the limestone i s marked 
by frequent shake holes f o r about a mile, as f a r as Long Side 
(008106), at the SB end of which a shake bole i n the overflow channel 
(which drained the g l a c i a l lake beneath Spanham West H i l l ) exposes 
7' of p a r t i a l l y dolomitised limestone (veined by c a l c i t e ) beneath 
the Underset Chert. North of t h i s , at Seley spring (008107), the 
limestone makes a s o l i d feature for some"300 yards, and i s exposed 
i n a small hollow. I t i s seen again # mile to the west, at a 
spring, where i t i s grey and c r i n o i d a l , and 200 yards NW of Farewell 
Farm (002119) the f i r s t of a s e r i e s of shake boles extending as f a r 
as the road to Plover H a l l marks the top of the limestone. The 
base makes a feature round the east side of Quarry H i l l , on the top 
of which grey c r i n o i d a l limestone ( i n part dolomitised) has been 
quarried.- The next exposures are i n How Low G i l l (999126) which 
i s dry f o r 150 yards, and i n a spring at the southern end of Tom 
G i l l Plantation (999128) the base of the limestone i s seen. 500 
yards south of Gilmonby Bridge, i n a small d r i f t - f r e e patch, both 
the limestone and the overlying shale are seen i n adjacent exposures 
by the side of the road, but are separated from the Gilmonby Bridge 
exposure, already described, by a t r a c t of s u p e r f i c i a l deposits. 
(b) South of the Swaledale-Gilling v a l l e y watershed. 
The Underset Limestone i s seen i n the v a l l e y s running south 
into the Swale. I n Arndale Beck, 350 yards north of the confluence 
with Moresdale G i l l (053050)/the base i s seen to c o n s i s t of 4" of 
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dark glassy f o s s i l i f e r o u s chert passing down into tbe underlying 
gannister, above which 10 1 of northly-dipping limestone are exposed. 
Further upstream the r e s t " o f the Underset i s obscured by l a n d s l i p s , 
but 500 yards up Moresdale Beck (050049), the f o s s i l i f e r o u s chert 
band (dark and glassy i n the upper: 2") i s again seen grading up 
from the underlying gannister through 4" of passage beds, and i s 
over l a i n by limestone. I n t h i n section, tbe passage beds are seen 
to be a normal t r a n s i t i o n from sandstone to limestone, with f r a g -
mentary f o s s i l s , and the overlying chert band to be a f o s s i l i f e r o u s 
limestone with scattered quartz grains, tbe matrix of which i s of 
r e c r y s t a l l i s e d dolomite, i n which most of tbe f o s s i l s (including 
stout bracbiopod fragments) have been a l t e r e d to m i c r o c r y s t a l l i n e 
s i l i c a . There are numerous small sponge s p i c u l e s , averaging 0.05 w®-
i n diameter, but there i s no reason to suppose that they were 
o r i g i n a l l y s i l i c e o u s , since they are now composed of tbe same type 
of s i l i c a as that which has replaced the o r i g i n a l l y calcareous 
organisms. I n tbe dark glassy part of tbe cbert band tbe ground-
mass has also been p a r t l y eaten away by s i l i c a , but 25-40% of 
dolomite s t i l l remains. As the structure of some of the' s i l i c i f i e d 
f o s s i l s , p a r t i c u l a r l y foraminifera, remains p e r f e c t l y c l e a r i n many 
instances, s i l i c i f i c a t i o n must have taken place e a r l i e r than r e -
c r y s t a l l i s a t i o n of tbe matrix, because tbe l a t t e r process i n v a r i a b l y 
o b l i t e r a t e s tbe f i n e r organic structures. 
South of Moresdale Beck, the only evidence of the Underset 
i s near Moresdale i t s e l f . 50 yards north of tbe building (054058) 
tbe base of tbe limestone i s seen at a spring, from which a feature 
can be followed f o r 250 yards to the SB. And 150 yards SW of 
Moresdale, s e v e r a l swallow-holes mark the top of the limestone. 
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Beyond t h i s , to the Faggergill-Waitgate f a u l t , the mapped outcrop 
i s c o n j e c t u r a l . Along the north side of Holgate Beck, the lime-
stone has been quarried 100 yards east of Kexwitb,~but beyond t h i s , 
as f a r as a point 150 yards south of l e s t House (063046), a very 
extensive l a n d s l i p covers everything beneath the'Main Limestone. 
South of West House, the Underset emerges from beneath"the l a n d s l i p 
and makes an excellent feature, on which are many small outcrops, 
a l l the way round the south side of Holgate How f o r a distance of 
% mile before being l o s t i n an expanse of peat east of the Newsham-
Richmond road. 
South of the Faggergill-Waitgate f a u l t the Underset i s seen 
dipping 20° southwards by a barn 350 yards north of Schoolmaster 
Pasture (059041), and on the east side of Holgate Beck i t outcrops 
on H o l l i n Brow (065040). At i n t e r v a l s between these points i t 
makes a s u f f i c i e n t l y good feature to enable the horizon to be mapped 
with confidence. I n the t h i n s t r i p of ground north of the c r o s s -
f a u l t through Rispey Wood, a single outcrop of brecciated limestone 
( o v e r l a i n by dark chert) dipping ME at 27° marks the Underset west 
of the beck. 
The Underset Limestone emerges from the peat cover east of 
Holgate How i n Rake Beck, and enters the stream bed 200 yards above 
Rake Gate (079057), where a s c a r on the north bank shows a f u l l 
s e c t i o n of 25' of pale grey c r i n o i d a l limestone, ove r l a i n by the 
Underset Chert. The beck i s dry f o r 200 yards above t h i s section, 
to where the chert enters the stream. Northwards from Rake Gate, 
a broad dry v a l l e y (the Harker Mass overflow channel) affords several 
glimpses of the top of the limestone i n swallow holes. 350 yards 
north of the bridge (080058), shale i s seen overlying limestone with 
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a 5° northerly dip, and "between 250 and 600 yards further north the 
limestone i s seen again i n several more shake holes, brought up by a 
r e v e r s a l of dip. E a s t of Long Green Farm a small transverse f a u l t 
brings the limestone up again i n a shake hole, and a l l the way 
across Harker Moss i t must be only a short distance beneath the 
surface, j o i n i n g up with the s e r i e s of shake-holes along the northern 
margin, on the watershed. ©n the east side of Rake Beck, the base 
of the Underset can be f i x e d by occasional outcrops of limestone 
r e s t i n g on the underlying sandstone f or 350 yards below Rake Gate, 
but beyond t h i s i t i s not seen as f a r as a point 130 yards SW.of the 
remains of High Waitgate (084050), where a good feature (along which 
are several outcrops) emerges and can be followed as f a r as the main 
f a u l t . The top of the limestone i s well marked SE of High Waitgate 
by a s e r i e s of shake holes, i n some of which c h e r t " i s exposed. 
East of Rake Gate, a H-S feature some 250 yards long c a r r i e s a number 
of outcrops of creamy-grey c r i n o i d a l limestone, the Underset again. 
This i s some 40 f higher than the limestone base seen i n the r i g h t 
bank of the beck, and an up-faulted block has been mapped to explain 
t h i s occurrence. Between the two branches of the Waitgate f a u l t , 
where i t crosses the g i l l , the Underset i s we l l seen" on the eastern 
side of the v a l l e y , where a steep limestone-covered feature i s 
truncated to the south, and runs into sandstone northwards, c l e a r l y 
defining the f a u l t s . 
South of the Waitgate f a u l t , the Underset Limestone i s dropped 
down near to the beck, and 30* of i t are seen i n a sca r 80 yards SW 
of Waitgate (085046). But the best exposure i s i n Buzzard Scar " 
(086042), where the f u l l " thickness of 34* i s seen beneath the Underset 
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Cbert, tbe lower 2"-4 u "being of f o s s i l i f erous cbert passing down 
into gannister (as in'Arndale and Moresdale Becks). Immediately 
downstream from tbe southerly of tbe two Dickey Edge f a u l t s , tbe top 
of tbe Underset Limestone i s seen (084038) dipping SW into tbe beck 
beneath tbe chert, and i s not v i s i b l e again u n t i l i f " i s seen on 
the east side of the v a l l e y at 870' O.D'. (091025), between tbe two 
f a u l t s which straddle T e l f i t , where 20' of c r i n o i d a l limestone 
( o v e r l a i n by dark chert) are exposed. '" Soutb of tbe f a u l t s , tbe 
limestone outcrops on both sides of tbe v a l l e y . On the east side, 
16* are seen, on tbe underlying sandstone )i mile SE'of T e l f i t , at 
900' O.D. (090023), and above Orgate, at '825' O.D: (093021) tbe 
base i s seen to be brown and dolomitic, with many small c a v i t i e s . 
On the west side of tbe v a l l e y , tbe Underset i s i n contact, at the 
fault,with tbe top of the Hicbmond Obert S e r i e s , and tbe throw at 
t h i s point, % mile SW of T e l f i t (084024),"must be about 250* to 
tbe north. The limestone i s exposed at i n t e r v a l s f o r 350 yards 
south of tbe f a u l t , both the top and the bottom being v i s i b l e , and 
giving a t o t a l thickness of 27 ' . I t i s creamy-grey and c r i n o i d a l , 
dolomitic at tbe base, and here contains tbe highest recorded 
specimens of Howchinia (see p. 27 ) . There are i r r e g u l a r s i l i c i f i e d 
patches i n the upper 4'"which, i n t h i n section, are seen to consis t 
l a r g e l y of r e l a t i v e l y coarse r a d i a l aggregates of fibrous s i l i c a 
( i n d i v i d u a l f i b r e s being up to as much as mm. i n length), i n which 
are embedded small rhombs of dolomite. A l l except the stoutest 
c r i n o i d o s s i c l e s have been replaced i n the centres of these patches. 
The most l i k e l y o r i g i n for the s i l i c a i n t h i s instance would seem 
to be from the overlying cherts. 
80 
Southwards, both sides of the v a l l e y are obscured by l a n d s l i p s , 
but the limestone i s exposed at P i l l i m i r e Bridge (100007), where i t 
i s seen coming out from beneath the chert. There i s no further 
evidence f o r i t u n t i l i t i s seen again i n Olapgate Beck, where 
i s o l a t e d exposures occur on the east side of the v a l l e y J4-1/3 mile • 
south of Low Peldom (113035), and 200 yards south of the" confluence 
with Hey G i l l , where 8* of limestone are seen overlying sandstone. 
Just below Olapgate Bridge (112017), 12' of limestone are seen 
overlying sandstone, with a gap of 4* beneath the lowest exposure 
of the chert. The limestone cannot'therefore be more than 16' t h i c k 
at t h i s point. 
For 2^ 4 miles eastwards, along the north side of Swaledale, the 
Underset i s completely obscured by l a n d s l i p s . But several stream 
sections expose t h i s horizon on the south side of the r i v e r , i n one 
of which i t i s 36 1 thick. Limestone i s seen i n the Swale beneath 
Hudswell Banks, #'mile downstream from Lownetbwaite Bridge (149005), 
and also % mile above the old m i l l , where 6 1 are underlain by 
gannister. 15' of limestone are exposed i n a quarry on the south 
bank, at the end of the weir (156008), a short distance east of 
which the outcrop must close because eastwards the sca r of the Main 
Limestone along the south bank drops down rap i d l y towards r i v e r l e v e l . 
( i i ) Beds between the Underset and Main Limestones 
This section includes s t r a t i g r a p b i c a l descriptions of the 
Underset Ohert, which i s only present i n part of the area, and then 
not at a constant horizon, so t h i s arrangement i s considered to be 
more s a t i s f a c t o r y than devoting a separate section to i t . The 
petrography of the Underset Chert, however, i s dealt with separately 
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i n section (a) of Chapter 9. 
(a) North flank of the anticline 
The Main Limestone closes i n both the River Greta and 
Sleightholme Beck a short distance above t h e i r confluence 1% miles 
west of Bowes, and i n the l a t t e r a gorge continues f o r nearly % mile 
downstream from the point of closure. At the bottom of t h i s gorge, 
the top of the beds underlying the Main are seen i n places, the best 
of these being beneath Barney Scar (966124), where the section i s : -
Oarboniferous shale underlying Main Limestone 6" 
Coal 2^ 
Sandy seat-earth, with roots 4* 
Massive sandstone 3 f 
Flaggy sandstone. 8* 
15* 8" 
At a point )4 mile upstream from the confluence with the 
Eiver Greta, the top of the Underset Chert appears i n Sleightbolme 
Beck, underlying shale which occurs beneath the beds seen i n Barney 
Scar. I t i s a siliceous sandstone, calcareous i n part, and i s 
seen at intervals as f a r as 250 yards below the confluence. 150 
yards above the weir west of Swinbolme (981131)> the Underset Chert 
comes up again, and i s exposed i n the r i v e r as f a r as the old 
M i l l Race beneath Bowes, i n which i t i s seen to overly shale. I n 
the south bank, beneath Gilmonby Hall, 12* of hard fossiliferous 
mudstone (some bands i n which are siliceous with dark f l i n t y cores) 
i s both overlain and underlain by shale, while i n the north bank, 
near Gilmonby Bridge, t h i s horizon i s 16* thick and includes nearly 
50% of dark f l i n t y chert. 100 yards above the bridge, 20' of 
shale (the lower 10' of which are exposed) separate the chert from 
the Underset Limestone. Eastwards from Gilmonby Bridge, there are 
no further exposures of the Underset Chert on the north flank of the 
anticline as f a r as Middleton Tyas. 
The beds above the chert are seen at intervals i n the north 
bank of the Greta just above Bowes. Some 35' of shale, nodular 
and fossiliferous i n the lower part, pass up into a t h i n sandstone, 
which i s overlain by a foot of sandy seat-earth, capped by a t h i n 
coal (poor and shaley), pieces of which occur i n the s o i l beneath 
the Main Limestone scar. Above the coal, and beneath the Main, 
several exposures show 6"-9n of shale, which i s rich i n small spiny 
productids. Beneath Kilmond Scar ( 1 ^ miles east of Bowes) flaggy 
sandstone i s seen at intervals, and"is 20* thick at the eastern end 
of the scar, at Kilmond Wood Farm (036136). Above the scar, where 
the Main Limestone i s worked i n Kilmond quarry (023136), an excavat-
ion f o r the foundations of a crusher revealed 12" of shale on 3* 
of pale grey sandy seat-earth on 13' of sandstone underlying the 
Main. There i s no coal i n t h i s section, but the shale band i s dark 
and extremely fos s i l i f e r o u s , being crowded with spiny productids and 
bryozoa. 
A mile north of Kilmond Scar, the Mount Pleasant bore has 
proved 125* of beds between the Main and Underset Limestones, some 
15* more than the estimated separation at Bowes. "A condensed 
version of the section there i s as follows":-
Fossiliferous shale underlying Main Limestone 6" 
Sandy seat-earth, coal smut over 1'6" 
Sandstones, with t h i n shale bands, mainly non-
marine 41»" 
Shale, mainly marine, but some plants near top 37' 
Hard fossiliferous chert, calcareous and 
argillaceous 7*3" 
Calcareous shales and dark argillaceous 
limestones 25 ?9 n 
Shale, pa r t l y p y r i t i c and nodular, on 
Underset Limestone 12'~ 
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As compared with the Bowes section 3 miles away, tbe 
arenaceous beds beneath the Main are very much thicker, and those 
assigned to the Underset Chert, which must include the calcareous 
shales and argillaceous limestones, are over twice as thick. 
Tbe next exposures of t h i s horizon eastwards from Kilmond 
Scar are 2$ miles away, i n the Tees. The Main Limestone" rises 
above the level of tbe r i v e r at the eastern end of Rokeby Gorge, 
and f o r 2/3 mile over the crest of a small northward-pitching a n t i -
cline, before tbe limestone again enters tbe Tees north of Rokeby 
Park (083144-), the beds beneath the Main are continuously exposed 
i n tbe south bank. A composite section, b u i l t up over t h i s 
distance, i s as follows:-
Carbonaceous sandstone, underlying Main Limestone 8* 
Sandstone, pa r t l y flaggy, partly false-bedded 17* 
Carbonaceous micaceous sandstone " " 4** 
Coal, seen only on E. flank of anticline 5ft 
Seat-earth 8° 
Sandstone 11' 
Shaley sandstone and sandy shale 2} 
Shale 18»+ 
571 2 » 
A distance of 300 yards up the Greta from i t s confluence with 
tbe Tees, tbe Main rises out of tbe r i v e r , and f o r % mile further 
upstream tbe underlying beds are exposed i n tbe east bank at the 
base of Mortham Wood. Here, the section i s : -
Sbaley sandstone with irregular coaley streaks, 
Main Limestone over 6" 
Poorly bedded sandstone, with carbonaceous partings 6* 
Sbaley sandstone, micaceous, with s l i g h t current-
bedding 3*6° 
Sandstone, massive and current-bedded 6* 
161 
Most of Mortbam Wood i s on tbe d r i f t overlying the above 
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section, however, and eastwards glacial deposits entirely obscure 
these "beds as f a r as the l i t t l e quarry 1/3 mile EE of West Layton 
(147104), where a glimpse of sandstone i s obtained at the base of 
an o u t l i e r of Main Limestone. 2 miles east of Mortham Wood, however, 
the Wycliffe bore proved 138* of beds between the Main and Underset 
Limestones, a condensed version of the section reading:-
Dark fossiliferous shale underlying Main Limestone l'S" 
Sandy shale, with irregular coaley streaks 
Non-marine shales and shaley sandstones " 11'lO" 
Mainly sandstone, sbaley partings 13' 
Shale and sandstone bands, fossiliferous 4» 
Shale, with productids and scattered plant debris 87'6" 
Mudstone, with scattered productids 7'6" 
Shale, good marine fauna, overlying Underset 
Limestone 10' 
138* 
I n t h i s section, the only part bearing any resemblance to any 
part of the Underset Chert i s the 7'6" band of mudstone 10* above 
the Underset Limestone. I t i s thought that t h i s compact"horizon, 
similar to some of the mudstones seen west of Bowes, i s the l a t e r a l 
equivalent of part of the chert, but there i s here no sign of 
s i l i c i f i c a t i o n . The core of the shale overlying the Underset (the 
same horizon as that i n the Mount Pleasant bore from which Johnson's 
Girtyoceras specimens were obtained) was very carefully searched, 
but yielded no goniatites. This dark shale was also searched at 
i t s outcrop near Gilmonby Bridge, but again no goniatites were found. 
The beds immediately underlying the Main Limestone are well 
seen i n East Layton quarry, on the SB or upthrow"side of the 
mineralised Sorrowful H i l l f a u l t (155106), where the following section 
i s seen i n contact with Main Limestone to the NW:-
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Carbonaceous shaley sandstone, underlying Main 
Limestone 1" 
Sandstone 1'3V 
Finely banded shaley sandstones and sandy shales 7* 
Coal, 0-6", enclosing lenticular sandstone, 0-21 0^2»6" 
Soft carbonaceous sandstone _ 3 ,6" 
Shale ~ .1" 
Sandstone 5* 
17*7" 
Enclosed i n the shaley sandstone at the top of thi s section 
are common nodules of bornite, about 1" across, which are also 
occasionally found i n the sandy shale about 18" below the limestone 
base. Malachite and azurite occur abundantly throughout the 
section ( i n the v i c i n i t y of the f a u l t ) , the former i n both fibrous 
and botryoidal form, and the l a t t e r sometimes i n crystals big enough 
to be easily resolved by the naked eye. A pale sky-blue mineral 
aggregate encrusting the soft carbonaceous~sandstone, thought to be 
much too pale i n colour f o r azurite, was separated and found to 
have refractive indices between 1.510 and 1.540. A test f o r 
sulphate was positive, and a tentative i d e n t i f i c a t i o n as chalcanthite 
(CuS0^.5H20) was confirmed by an X-ray powder photograph. 
This mineral has only been previously recorded i n England 
from Cornwall and from the Parys Mine, Anglesey (A.G.W.Kingsbury, 
personal communication), and i s l i k e l y to be of very re s t r i c t e d 
occurrence due to i t s high solubility.. More basic sulphates such 
as langite and brochantite are by no means rare on decomposing copper 
ores, but cbalcanthite i s only present where conditions are com-
paratively dry. I n East Layton quarry, the l o c a l i t y ( i n a temporary 
cavity i n the f a u l t zone) was overhung and consequently protected, 
and was evidently sealed o f f from percolating waters by the impervious 
beds between i t and the overlying Main Limestone. 
SB from Bast Layton quarry, these beds are drift-covered as 
fa r as Middleton Tya;s% but a section from the Newton Morrell bore-
hole (237093), beneath 1351 of d r i f t , reads:-
Basal Permian beds 
unconformity 
Purple-stained sandstone, abundant white mica 2' 
Shale, s l i g h t l y sandy with reddened patches 
towards top 14' 
Shale, with horizons of small flattened crinoid 
ossicles 6 f 
Oalc. shale, with t h i n irregular shaley limestone 
bands and abundant flattened crinoid ossicles, 
traces of malachite 131 
Underset Limestone 35* 
Black Scar quarry (231Q52) exposes the beds overlying the Underset. 
A section from the south end of the quarry i s as follows:-
Shale, boulder clay over 18' 
Siliceous limestone 4 f 
Dark chert 4" 
Siliceous limestone l ^ " 
Dark chert I d " 
Streaky impure limestone 4-1 
Shale, fo s s i l i f e r o u s , with traces of malachite, 
on Underset Limestone 3 1 
The top shale (the »Black Scar 1), extremely d i f f i c u l t to 
reach, i s apparently unf ossiliferous,"and contains numerous pretty 
white rosettes of gypsum, about 2 mm. i n diameter, on the bedding 
planes. Tbe underlying beds, down to tbe base of tbe lower dark 
chert band, comprise the Underset Chert (here 6*5" t h i c k ) , and tbe 
shale separating i t from tbe limestone contains bracbiopods and 
bryozoa. Bornite nodules (which can be found on the dump i n the 
centre of th i s part of tbe quarry) are presumed to have come from 
t h i s shale. But towards the northern end of tbe quarry, tbe base 
of tbe chert cuts down to remove tbe two lower members of tbe above 
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section, so that the chert l i e s d i r e c t l y on an eroded surface of 
current-bedded Underset Limestone (Plate 7A, p. 70). The chert 
i s fossiliferous throughout, with many crinoid ossicles'and a rich 
brachiopod band 1* above the base. 200 yards HE of Black Scar 
quarry, another small quarry has proved 6'6" of Underset Chert as 
follows:-
Siliceous limestone 4» 
Dark chert 6" 
Streaky siliceous limestone, with traces ~ 
of malachite and azurite 2^  
Current-bedded Underset Limestone 
Whether or not t h i s chert i s equivalent i n horizon to that 
seen near Bowes i s unknown, because there i s no evidence f o r the 
length of interval represented by the erosion surface between the 
top of the limestone and the base of the chert. The nearest 
exposure of chert i s over 5 miles away to the west, where i t appears 
to rest normally on the Underset Limestone. 
A mile west of Black Scar quarry, a bore hole sunk behind 
Scotch Corner Hotel in" 1939 proved the following:-
Bed and grey sandstone underlying Main 
The only member of th i s horizon exposed at the surface any-
where near i s 18" of gannister underlying the Main Limestone by the 
side of the drive through Sedbury Park (on the eastern side of the 
Sedbury f a u l t (202050}, where i t contains traces of malachite. 
Limestone Black shale 36' 6' 
l 7 
10T 
Red sandstone 
Black shale 
53' 
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(b) South flank of the anticline, north side of the Swaledale-
G i l l i n g valley watershed. 
The most easterly exposure of t h i s horizon on the south side 
of the G i l l i n g valley i s on Rasp Bank, south of High Ooalsgarth 
(148029), where sandstone blocks occur on the slope beneath the base 
of the Main Limestone. Across Aske Beck, on the east side of the 
h i l l surmounted by the Jockey Cap Clump (a landmark f o r many miles 
around), the sandstone i s better seen in'an old quarry which proves 
t h i s facies down to 35' beneath the base of the Main. Round the 
north side of the Jockey Cap Clump t h i s sandstone makes stn excellent 
feature (on which are loose blocks) f o r $ mile beneath the equally 
excellent one formed by the Main Limestone. 
About 150 yards west of Aske Moor Farm (150038), 18" of 
siliceous limestone are seen overlying the Underset Limestone, and 
i n a shake hole 1/3 mile further west the Underset i s again capped 
by 18" of siliceous limestone with argillaceous streaks and much 
crinoid and brachiopod debris. Along the Peldom f a u l t , shale and 
sandstone from beneath the Main Limestone have been brought up from 
some old shafts, and can s t i l l be examined. Most s t r i k i n g i s some 
rather coarse limonite-spotted sandstone, probably from close 
beneath the Main, which i s comparatively heavily impregnated with 
malachite, commonly i n the form of radial fibrous aggregates. 
A small d r i f t - f r e e patch j4 mile NW of Peldom Hick (113056) reveals 
sandstone blocks just below the base of the Main, and 1000 yards 
south of Pace's House (115058), chert i s seen i n the Underset Lime-
stone quarry as follows:-
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Platey siliceous limestone, with brachiopods and bryozoa 12" 
Dark f l i n t y chert 10" 
Siliceous shale and mudstone, with productids 4" 
Underset Limestone 2'2" 
Westwards, ju s t beneath the outcrop of the Main Limestone, 
small isolated outcrops of sandstone occur at the spring 400 yards 
SW of Hornbriggs (092062), i n Orumma G i l l (090068) and beneath the 
old quarry 270 yards south of the remains of Windsor Lodge (085072). 
SW from the last-mentioned quarry, the outcrop of the"Main sweeps 
round to the south, over the watershed, but westwards d r i f t cover 
continues as f a r as the overflow channel west of Byers H i l l . Above 
t h i s channel, sandstone blocks l i t t e r the ground up to the base of 
the Main Limestone, and 400 yards HE from How Tallon (060076) a 
scree consisting of blocks of massive and false-bedded sandstone 
reaches down to the ice-edge channel. The sandstone i s well seen 
i n s i t u i n Osmaril G i l l (052077), where i t i s about 60' thick. 
I t gets coarser towards the top, and at the western end of Bel H i l l 
(048080), where the Main Limestone overlies an irregular erosion 
surface, i t i s better described as a g r i t . I n Woodclose G i l l , 
below Hush Head (04-1076), massive sandstone i s picked up again, and 
i s of about the same thickness. But westwards d r i f t creeps up to 
the base of the Main, and obscures the underlying beds except i n 
a small quarry at the northern end of Hud Scar (037085), where 
several feet of coarse limonite-spotted sandstone are seen beneath 
the limestone. 
For 2)£ miles W and HW from here, nothing whatsoever i s seen 
of the beds between tne Main and Underset Limestones due to thick 
boulder clay cover. But along the north side of Spanbam Bast H i l l 
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(012101), 4* of flaggy sandstone are seen underlying the Main, while 
on Spanham West H i l l (006100), up to 10' were measured, very different 
from the g r i t at the same horizon Zfe miles to the SB. Where the 
North Spanham f a u l t crosses B l l e r Beck (991103)» 1# miles' west of 
Spanham, 7* of flaggy sandstone underlie the Main south of the f a u l t , 
while north of i t ( i n West Black Sike) 8' of flaggy sandstone on 
20! of nodular shale are seen. The throw of the f a u l t i s here 
small, as i t i s i n the process of reversing i t s direction of movement, 
and the flaggy sandstone i s probably l i t t l e more than 10* i n t o t a l 
thickness. I n Bl l e r Beck, 1000 yards downstream from the f a u l t , 
a crag of brecciate.d. banded chert, 6 f high, i s thrown up on the north 
bank. This outcrop i s quite isolated, and l i t h o l o g i c a l l y i s more 
similar to the Main Chert of Chert G i l l (a mile to the NW) than to 
any known type i n the Underset Chert. There i s evidence, however, 
that the Main Limestone i s present a l l the way along the north bank 
of the beck, above t h i s outcrop, and unless a complicated system 
of f a u l t s i s invoked ( f o r which there i s no evidence), t h i s chert 
must be mapped above the Underset Limestone, and taken as another 
of the l i t h o l o g i c a l types belonging to the Underset Chert. 
a glacial lake), flaggy sandstone i s seen underlying "the Main 
Limestone at intervals. Below Low Green Fell (998113) t h i s section 
was seen:-
Spring i n limestone debris 
Sandy shale 
This horizon i s next exposed i n Chert G i l l (989125), p r a c t i c a l l y 
Northwards, along the west side of The Combs (the s i t e of 
Seat-earth 
Gap 
Flaggy sandstone 
1»6" 
5 f 
9* 
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a mile to the NW, where the section i s : -
Grey clay underlying Main Limestone 6" 
Poor coal and carbonaceous shale 12" 
Sandy shale 4 f 
Shale, s l i g h t l y micaceous, very scarce 
fragments of marine fo s s i l s 20*+ 
This i s i n s t r i k i n g contrast to the massive sandstone, up 
to 60' thick, seen underlying the Main less than 4}& miles away to 
the SB. A similar section i s seen i n Huggill, % mile westwards, 
but with the sandy shale up to 10' thick. 
Below High Green F e l l , on the edge of Hong Kong Plantation 
(994118), banded chert i s exposed some 40' beneath" a scar of Main 
Limestone, and i s l i t h o l o g i c a l l y similar both to that tentatively 
assigned to the Underset Chert i n B l l e r Beck, and to the Main Chert 
seen nearby. As there i s no reason to suppose that t h i s exposure 
i s separated from the Main Limestone by f a u l t i n g , t h i s can be taken 
as further evidence that just here, the Main and Underset Cherts 
are similar i n lithology. % mile HE of t h i s , however, i n Low G i l l 
(997124), the Underset Chert i s merely a fossiliferous siliceous 
mudstone, which i s again exposed i n Craddock's Plantation (995127) 
where i t i s underlain by shale. But i t may'be added here^ i n 
support of the two isolated outcrops of banded chert belonging to 
the Underset horizon, that the same facies, above the Main Limestone, 
can be seen to pass l a t e r a l l y into mudstone with extraordinary 
rapidity (see Chapter 6, section ( i i ) ) . The Underset Chert i s well 
seen i n Chert G i l l Plantation (99il28), where sharp flexures f o l d 
siliceous mudstone into two E-W synclines and an anticline within a 
distance of 50 yards, the dip into the folds being as steep as 45°. 
Exposures are s u f f i c i e n t l y good, however, to show that f a u l t i n g i s 
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unlikely. Tbe next outcrops beyond Cbert G i l l are i n Sleightholme 
Beck to the west, and tbe River Greta to the north, and~have already 
been described. 
(c) South of the Swaledale-Gilling valley watershed. 
The sandstone underlying the Main Limestone is well exposed 
i n tbe north bank of the Swale opposite the railway station at 
Richmond (177010), where 151 of pale massive medium-coarse grained 
sandstone, dipping downstream at 7°! are thrown against tbe Richmond 
Chert Series to the NW of the Richmond f a u l t . I n t h i n section 
t h i s sandstone i s seen to be arkosic, with up to'20% of microcline, 
plagioclase and microperthite grains. The remaining 80% i s of 
angular quartz grains up to 0.5 mm. across, many with s t r a i n shadows, 
some of them sutured aggregates (probably from quartzite), with 
occasional zircons, a few i n t e r s t i t i a l muscovite leaves and rare 
r u t i l e . 
Tbe occurrence of microcline and micropertbite here i s of 
importance because these minerals have not been previously recorded 
from Yoredale sandstones, although orthoclase and sodic plagioclase 
are not uncommon. Butt e r f i e l d (1939), i n a petrological study 
of 49 Toredale sandstone specimens obtained from between the Great 
Scar and Underset Limestones, was unable to f i n d any microcline or 
microperthite, although i n the overlying Millstone Grit .these are 
tbe dominant feldspars (Gilligan, 1920). I t i s interesting to note 
that here they make t h e i r f i r s t appearance within tbe Middle Limestone 
Group. Tbe most easterly record of t h i s sandstone comes from tbe 
bore hole i n St. Trinians sand quarry, % mile further east, where 
16'2" of strong grey sandstone, (containing a 4 1 shale band) were 
proved beneath the Main. This horizon outcrops at intervals along 
the base of whit c l i f f e Scar, 1$ miles west of Richmond, where the 
junction between massive sandstone and the overlying Main Limestone 
i s sharp to the east of Willance's Leap. At an exposure 200 yards 
WSW of Willance's Leap (1'3402Q), however, the sandstone grades up 
through 6" of passage beds into the limestone, and % mile west of 
West Applegarth (122015) a similar section is seen. A l l along the 
north side of the valley here, very extensive landslipping has 
obliterated the rest of the beds between the Main and Underset 
Limestones, but the Underset Chert i s well developed i n a l i t t l e 
quarry on the south side of the r i v e r , the evidence from which has 
been used i n mapping a conjectured outcrop "north of the Swale. The 
quarry, 500 yards below Lownethwaite Bridge (151006), gave t h i s 
section:-
Calcareous shale and siliceous mudstone, 
landslip over 9« 
Dark f l i n t y chert 5' 
Siliceous mudstone 5' 
Dark f l i n t y chert 2' 
Siliceous mudstone 3' 
Shale and siliceous mudstone 4'6" 
Dark f l i n t y chert 2" 
Limestone l ' 6 n 
Shale on Underset Limestone 1'8" 
18*10" 
Also on the south side of the valley, 1# miles further west, 
i n Scarcote G i l l (129008), the Underset Limestone i s overlain by 
7' of chert and siliceous mudstone, above which i s a gap of 97' to 
the Main Limestone, giving the horizon under consideration a t o t a l 
thickness of 104'. 
In Olapgate Beck, beneath the bridge (112017), 14' of a l t e r -
nating bands of dark f l i n t y chert and poorly"fossiliferous calcareous 
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mudstone overlie the Underset Limestone and near tbe head of Hey 
G i l l (120032) the beds beneath"the Main Limestone are exposed i n 
the beck, where shale underlies some 30* of massive sandstone. 
Further up Clapgate Beck, on the east side of tbe valley, the rather 
coarse top of tbe sandstone i s seen i n several places, and 250 yards 
south of Low Feldom (113036), 11* of massive sandstone on at least 
20* of alternating shale and sandstone bands underlie the Main. 
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An isolated exposure of the Underset Chert i n the beck 350 yards 
SW of Low Feldom (111036) shows similar lithology to that beneath 
Clapgate Bridge. 
D r i f t and landslips obscure the beds between the Main and 
Underset Limestones down the west side of Clapgate, and beneath 
Marske Edge, as f a r as an exposure of tbe Underset Chert just above 
P i l l i m i r e Bridge (099008), where 14' of banded mudstones, f o s s i l i f e r -
ous argillaceous siliceous limestones and dark cherts overlie 
the Underset Limestone, while above t h i s , behind Glints Cottage, 
a foot of calcareous sandstone i s seen at the base of a c l i f f of 
Main Limestone. There i s an exposure of Underset Chert on the west 
side of the valley 1/3 mile SW of T e l f i t (083022), where 14" of 
strong pale grey f l i n t y chert ( i n which are embedded small crinoid 
ossicles) overlie the Underset'Limestone, and above which are 18" 
of dark chert on 3' of siliceous mudstone. I n Marske Beck, 100~ 
yards above, i t s confluence with Throstle G i l l * (085028)," an isolated 
exposure comprising 8» of dark chert and mudstone also belongs to 
the Underset Chert, and 1# miles further upstream Shaw Vein brings 
up an i n l i e r of Main Limestone at Shaw (059026), where tbe top of 
tbe sandstone.beneath the Main i s seen. I n Throstle G i l l , beneath 
T b r i n g i l l H i l l (084038), no less than 25' of alternating mudstone 
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and dark chert bands are seen resting on an i n l i e r of Underset 
Limestone which borders the f a u l t to the north. An interesting 
feature of t h i s facies of the Underset Chert i s an"abundance of 
calcareous sponge spicules (but see Chapter 9, section ( a ) ) . Within 
the u p l i f t e d wedge between the two Dickey Edge f a u l t s , 10' of dark 
chert and mudstone are exposed on the east side of the valley, 
while above t h i s the top of the beds underlying the Main Limestone 
are seen at intervals. About mid-way between the f a u l t s i limestone 
on 12 1 of sandstone on 12 1 of shale on a further 12* of sandstone 
were observed. North of"the f a u l t s , one of the best exposures of 
the Underset Chert occurs i n Buzzard Scar (086043), where 101 of 
tough calcareous mudstone on 16* of mudstone and dark bedded chert 
i n t h i n alternating bands rest on the Underset Limestone. Opposite 
t h i s , on the west side of the valley, chert and mudstone outcrops can 
be followed round beneath Kersey Green Scar, i n which the Main 
Limestone overlies the following:-
This section i s cut o f f abruptly by the southern branch of 
the Waitgate f a u l t , but across the valley, just beneath the base 
of the feature made by the Main Limestone east and north of High 
Waitgate, sandstone outcrops occur at intervals, and these continue 
up the eastern side of the overflow channel leading up to Harker Moss, 
and over the watershed. In only one outcrop i s the sandstone not 
i n sharp contact with the Main, and there 4" of underclay with traces 
of coal come between the two. I n a shake hole beneath Weather H i l l 
at the top 
Sandy shale 
Shale 
Sandstone 
Sandstone, calcareous (with f o s s i l fragments) 
15» 3' 6» 
(079067)» 4' of siliceous limestone overlain by shale are a l l that 
remain of the Underset Chert (26» thick only 1% miles to the south), 
while further shake holes % mile to the north, on the edge of Harker 
Moss, show only shale on the Underset Limestone. This shale i s 
well seen i n the lower reaches of the overflow channel, NW of Snaiza, 
where i t is about 65* thick with some horizons of ironstone nodules. 
I t i s mainly through"this soft material that the spectacular Harker 
Moss channel has been cut. The upper 5' of the shale are sandy, 
and grade up into tbe sandstone which underlies the Main Limestone, 
here 251 thick. 
On tbe west side of the Harker Moss channel, the section is 
similar, except that on Byers H i l l , by the side of the farm (071074), 
9" of coal on a seat-earth are separated from tbe Main by 3'of 
sandstone, which i s unusual. And 200 yards HE of Long Green Farm 
(074067), tbe top of tbe sandstone underlying the Main i s a definite 
g r i t . I n t h i n section, the angular quartz grains, up to 1.5 mm. 
across, occur both as single crystals (sometimes enclosing small 
green pleocbroic tourmaline laths), and as sutured quartzitic 
aggregates, and are accompanied by common microcline and micropertbite 
grains. I n t e r s t i t i a l l y , a l i t t l e muscovite, se r i c i t e and bydro-
b i o t i t e , together with a few small zircons and some limonite, are 
cemented by microcrystalline s i l i c a . West of Rake Gate, these beds 
are obscured by b i l l peat as f a r as the^ewsbam-Richmond road, by 
tbe west side of which 6' of Underset Chert have been quarried on 
Strappan H i l l (071047). Round tbe south side of Holgate How, 
sandstone blocks are seen beneath tbe Main Limestone at intervals, 
but HW of tbe wall crossing over tbe How a very extensive landslip 
obliterates a l l further exposures of t h i s horizon on the east side 
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of tbe v a l l e y as f a r as Arndale Hole (053058), where tbe f o l l o w i n g 
section was measured 50 yards below tbe confluence:-
F o s s i l i f e r o u s calcareous shale passing up i n t o 
Main Limestone |" 
Sandstone, calcareous and carbonaceous 6!. 
Gap \' 
Sandstone, bard and compact 2 1 
Sandstone, current-bedded and limonite-spotted 3' + 
However, i n tbe west bank, 250 yards below the confluence, 
the section i s : -
Sandstone underlying Main Limestone 8' 
Sbaley sandstone 1' 
Shale " l ' ^ ' 
Shaley sandstone l f 3 " 
Shale 6' 
Shaley sandstone 
I n tbe former section, tbe j u n c t i o n between the limestone 
and the underlying beds i s gradual, whereas tbe l a t t e r (although 
only 200 yards away) shows a sharp j u n c t i o n , implying a'break i n 
sedimentation which would account f o r tbe differences in-the 
beds immediately underlying the limestone. 
I n Moresdale G i l l the sandstone beneath the Main i s we l l 
developed, and i s seen as loose blocks f o r some 450 yards down-
stream from tbe j u n c t i o n , tbe l a t t e r being marked i n tbe south bank 
by a l i n e of strong springs. South of tbe g i l l , tbe j u n c t i o n 
r i s e s r a p i d l y up towards the Faggergill-Waitgate f a u l t , and on Fair , 
Seat H i l l (047045) the Main Limestone i s seen dipping northwards at 
24°, underlain by g r i t . The Underset Chert i s nowhere exposed 
north of the f a u l t i n t h i s ' v a l l e y , but south of i t , near the foot 
of H o l l i n Brow (065039), 18' of banded si l i c e o u s mudstone and chert 
dip downstream away from the f a u l t at 21°. 
CHAPTER 6 
THE MAIN AMD LITTLE OYOLOTHEMS 
The Main and L i t t l e cyclotbems are dealt with together i n 
one chapter "because over long stretches of ground i n the south and 
SB part of the mapped area the L i t t l e Limestone, although presumably 
present, i s unrecognisable as such, and the two cyclotbems cannot 
therefore be everywhere d i f f e r e n t i a t e d . 
Of p a r t i c u l a r i n t e r e s t are the.variations i n the beds above 
the r e l a t i v e l y very constant Main Limestone, and the development of 
chert w i t h i n them (the petrography"of which i s dealt with separately 
i n Chapter 9)« The stratigraphy of these beds has been very imper-
f e c t l y understood i n the past, and a number of d i f f e r e n t versions 
have been presented. P h i l l i p s (1856, p.66) c l e a r l y correlated the 
L i t t l e Limestone with the Red Beds, a series of c r i n o i d a l limestones 
above the Main which are w e l l developed i n the lower parts of Swaledal 
When the Geological Survey covered the area, they used the Red Beds 
as a mapping horizon, and were under the impression (Dakyns et a l . , 
1891, p.10) t h a t they, together with the cherty Black"Beds, passed 
l a t e r a l l y i n t o the Coal S i l l s , a series of sandstones and shales 
w e l l developed t o the north and NW. Hudson, i n 1924 and again i n 
1941(p.266), also considered the Red and Black Beds t o be l a t e r a l 
equivalents of the Coal S i l l s , and to underlie the L i t t l e Limestone. 
Carrutbers (1938, p.252), on the other band, stated'that "there can 
be no doubt at a l l t h a t the Ten Fathom G r i t i s the Upper Coal S i l l 
(possibly the Lower one also) 1', and t h a t i n Swaledale the L i t t l e 
Limestone comes below the Coal S i l l s . The Ten Fathom G r i t of 
Swaledale i s ove r l a i n by the Crow Limestone, which be considered to 
be the equivalent of the L i t t l e Limestone of the Alston Block, 
although the Primary Survey had mapped the limestone on the Goal S i l l s 
as the L i t t l e . And more recently Dunham (1950, p.55) correlated 
the pale coarsely c r i n o i d a l limestones around Richmond with the Main, 
and thought t h a t the muddy and sili c e o u s marine "beds i n the same 
area passed northwards i n t o the Goal S i l l s . 
Of the views so f a r presented, t h a t of Oarruthers i s the 
easiest t o prove wrong. Turner (1935) and l a t e r Reading (1954) 
have confirmed the view of the Primary Survey th a t the Coal S i l l s 
and the overlying L i t t l e Limestone can be followed round the 
Stainmore synclinei and straightforward mapping during the present 
work has shown t h a t the Goal S i l l s underlie and are e n t i r e l y separate 
from the Ten Fathom G r i t , t h i s having always "been the generally 
accepted idea. Over parts of the western side of the map a series 
of cherty beds, the Main Chert, ove r l i e the Main Limestone, above 
which come the Goal S i l l s , capped by the L i t t l e Limestone. This 
i s a t h i n r e l a t i v e l y pure limestone, and i s ov e r l a i n by a very-
v a r i a b l e series of sili c e o u s limestones and mudstones which i t i s 
proposed to name the Richmond Chert Series, but which have previously 
( p a r t i c u l a r l y i n the north) been incorporated i n t o the L i t t l e 
Limestone. When these beds are traced eastwards towards Richmond, 
the Goal S i l l s ' die out and the i n t e r v a l between the Main and L i t t l e 
Limestones i s much reduced. The feather edge of the Goal S i l l s i s 
c l e a r l y defined between Teesdale and Swaledale, and t o the east and 
SE of t h i s l i n e the Main Chert i s separated from the Richmond Chert 
Series only by the L i t t l e Limestone, which comes r i g h t down to res t 
on the former. Because of a change of facies i n the Main Chert near 
the margin of the Coal S i l l s , however, which leaves the si l i c e o u s 
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beds both above and below the L i t t l e Limestone with very s i m i l a r 
l i t b o l o g y , i t i s only possible to d i s t i n g u i s h between the Main Chert 
and the Richmond Ohert Series i n much of t h i s region when the L i t t l e 
Limestone can be recognised. Fortunately i t has a very character-
i s t i c l i t b o l o g y which, although"not always present, i s seen 
s u f f i c i e n t l y often t o show tha t towards Richmond the i n t e r v a l between 
the Main and L i t t l e Limestones gets progressively smaller u n t i l at 
Richmond i t s e l f i t i s apparently no more than 7 1 . Further evidence 
from w i t h i n the mapped area i s not available, but i t " c a n be shown 
from a combination of sections taken f u r t h e r up Swaledale and i n 
Wensleydale (see Chapter 7) t h a t an unconformity"has developed be-
neath the L i t t l e Limestone, the l a t t e r apparently progressively 
transgressing over the lower beds u n t i l i t i s r e s t i n g on the Main 
Limestone. 
I n lower Swaledale, l e n t i c u l a r bodies of coarse c r i n o i d a l 
limestone are developed i n the Richmond Chert Series, and i t i s 
these t o which the term Red Beds has been applied. But the Black 
Beds were taken as the more "argillaceous horizons i n the same series 
i n . t h i s region, while f u r t h e r west and NW the term was applied t o 
the Main Ohert, beneath the L i t t l e Limestone, and i t i s hardly sur-
p r i s i n g t h a t the authors of the Mallerstang memoir were sometimes 
uncertain (p.110) about the r e l a t i v e ages of t h e i r Red and Black Beds. 
The o r i g i n a l c o r r e l a t i o n made by P h i l l i p s when he equated the Red 
Beds with the L i t t l e Limestone is'thus closer to the r e s u l t s of the 
present survey'than any of the succeeding views, and i n f a c t d i f f e r s 
from i t mainly by a d e t a i l of nomenclature. 
Comparative sections of the Main and L i t t l e cyclothems are 
shown i n Fig. 4- (p.101). 
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STRATIGRAPHY 
Tbe Main Limestone (known as tbe Great nortb of Stainmore) 
i s by f a r tbe t h i c k e s t and most constant of tbe Yoredale Limestones * 
mapped during t h i s -survey. I t i s w e l l bedded, often i n posts up 
t o 4'-5' t h i c k , and i s normally a c h a r a c t e r i s t i c pale grey colour. 
I t i s c r i n o i d a l , but r e l a t i v e l y poor i n other macrofossils, although 
t h i n sections generally reveal an abundance of s h e l l debris among 
which foraminifera are common. Tbe thickness varies between 30' and 
85', with 60* as a more normal f i g u r e , tbe l a t t e r being a f a i r 
average f o r the Alston Block also (Dunham 1948). V a r i a t i o n i s rapid, 
however, tbe maximum and minimum thicknesses occurring on tbe nortb 
f l a n k of tbe a n t i c l i n e w i t h i n 2}£ miles of one another. I t i s usual 
f o r the bottom few feet t o be brown and dolomitised, as i s also the 
case with the Underset Limestone, and i t i s suggested t h a t t h i s was 
caused by percolation of magnesium-rich ground waters, probably 
during the time when the area was o v e r l a i n by tbe Permian Magnesian 
Limestone (see Chapter 8) . Tbe main bulk of the limestone has been 
shown by analyses t o have a s i l i c a content as high at 10%. Chert 
nodules occur, but are less common than i n tbe Underset Limestone, 
and s i l i c a i s very r a r e l y seen i n t h i n sections, although occasional 
quartz c r y s t a l s up to 2 cms. i n length have been recorded. This 
suggests t h a t a considerable proportion of s i l i c a can be present i n 
a limestone without being obvious, even under tbe microscope. Tbe 
r i c h coral-brachiopod band of Weardale, known as the Prosterley 
Marble, was shown by Reading (1954) t o die out across"Stainmore, but 
i n places t h i n and impersistent coral bands, mainly of~Dibunophyllum, 
are seen at several l e v e l s , and a bed of Cbaetetes and Lonsdaleia 
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occurs j u s t above the base near Richmond. 
I n the Bowes region, the Main Limestone is" o v e r l a i n by 
a l t e r n a t i n g shales and calcareous mudstones ( c o r r e l a t e d by Reading 
wi t h the Tumbler Beds of the Alston Block), above which comes the 
Main Chert, here a series of banded well-bedded f l i n t y cherts of 
very l o c a l occurrence, but up to 26* t h i c k i n Chert G i l l . The 
Main Chert dies out t o the WE and SW with extraordinary r a p i d i t y , 
apparently passing l a t e r a l l y " f r o m i t s maximum development ( i n no more 
than a mile) i n t o black shale which overlies the so-called'"Tumbler 
Beds beyond the l i m i t s of the chert. But SE from the Bowes region 
the Main Chert p e r s i s t s , although i t changes"in facies from a banded 
chert t o a series of s i l i c e o u s mudstones, calcareous shales and 
impure limestones. 
Above the Main Chert over the western part of the mapped area 
are the Coal S i l l s . These are a var i a b l e series of sandstones and 
shales, w e l l known on the Alston Block, and which there commonly 
carry coal seams ( l o c a l l y workable) above the sandstone members, 
normally 3 i n number. South of Stainmore, however, only two sand-
stones are developed, which are here c a l l e d the Upper and Lower Coal 
S i l l s without implying exact c o r r e l a t i o n with those f u r t h e r north. 
But Reading (1954) found the Upper Coal S i l l i n the Bowes area t o 
be a continuous mappable horizon which he equated with the White 
Hazle of Dunham (1948, p.27). Here, the two Coal S i l l s are" separated 
by shale i n which a t h i n un-named marine limestone occurs, but which 
passes westwards i n t o f o s s i l i f e r o u s sandstone. I n the northern part 
of the Stainmore area, Reading recorded 3 impersistent marine bands 
w i t h i n the Coal S i l l s , and used the supposed equivalence of the marine 
Red and Black Beds of Swaledale with the Coal S i l l s (a c o r r e l a t i o n 
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here shown t o be i n c o r r e c t ) as evidence of the proximity of the sea 
during t h a t time. No coal i s seen i n s i t u i n connection with the 
Coal S i l l s south of Stainmore, but loose fragments i n the banks of 
Sleigbtholme Beck suggest a seam at 6r near the top of the lower l e a f . 
Traced SE from the Bowes region, the Lower Coal S i l l f i r s t dies^out. 
The upper one p e r s i s t s f o r about a mile f u r t h e r , characterised by 
abundant worm casts (Plate 8A, p. 135) (the "wormy g r i t s " of the 
Mallerstang memoir),"until i t also dies, leaving the L i t t l e Limestone 
(which normally overlies the Upper Coal S i l l ) r e s t i n g either'on the 
Main Chert or on black shale, depending on whether or not the 
former i s developed. 
The L i t t l e Limestone (or Upper L i t t l e , t o d i s t i n g u i s h i t from 
a limestone of the same name'low i n the Middle Limestone Group) i s 
a grey c r i n o i d a l bed, often containing small sand grains v i s i b l e 
i n t h i n section, and has been seen up to 7 ' i n thickness. I t i s 
characterised by more or less v e r t i c a l tubes, up t o 18" long, p a r t l y 
c h e r t - f i l l e d and running down i n t o the limestone from a t h i n cherty 
bed at the top, which are often very we l l seen on weathered surfaces. 
These tubes, together with the cherty top (commonly s l i g h t l y 
g l a u c o n i t i c ) , are developed over a very wide area i n North Yorkshire 
and parts of Westmorland.,, and were f i r s t described by Howell (1953) 
from Eaber F e l l , and subsequently found, quite independently, through 
much of Swaie»dale, Wensleydale and adjoining areas during the 
present survey, where they were used as an aid t o i d e n t i f i c a t i o n of 
the L i t t l e Limestone. I t was Howell's view t h a t these tubes were 
i n f i l l e d polychaete borings. I f t h i s i s the explanation, as seems 
l i k e l y , the top.of the L i t t l e Limestone w i l l mark a short depositional 
break. 
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Tbe L i t t l e Limestone i s o v e r l a i n by a very v a r i a b l e series 
of f o s s i l i f e r o u s s i l i c e o u s limestones and mudstones wbicb, altbougb 
not f o r tbe most par t s t r i c t l y cberts, are s u f f i c i e n t l y s i l i c e o u s t o 
be c a l l e d a chert series, and have been named a f t e r tbe town of 
Richmond, i n the v i c i n i t y of wbicb they reach t h e i r maximum develop-
ment of about 130*. I n tbe west tbe series i s no more than 20' t h i c k 
i n places, the overlying shale being equivalent t o the higher 
si l i c e o u s beds f u r t h e r east. Rowell (1953) kept these cberts 
separate from tbe underlying L i t t l e , but Reading (1954) preferred t o 
regard the L i t t l e as a marine"series wbicb v a r i e d i n thickness across 
Stainmore between 20' and 30', and with an upper boundary wbicb was 
often i n d i s t i n c t . Tbe t e r m ' L i t t l e Limestone here refers only t o 
tbe t h i n r e l a t i v e l y pure and constant limestone band at tbe base, as 
i t i s c l e a r l y unsuitable f o r use with a series whose top i s so 
strongly diacbronic as th a t of tbe proposed Richmond Chert Series. 
I n lower Swaledale l e n t i c u l a r c r i n o i d a l limestones enter i n t o t h i s 
series, and are so strongly developed around Richmond t h a t the prop-
o r t i o n of s i l i c a w i t h i n tbe series i s s u b s t a n t i a l l y reduced. These 
limestones sometimes weather a pale yellow-orange colour, which, 
l e d t o the adoption of the term Red Beds by tbe old miners. But 
due t o l e n t i c u l a r i t y and minor erosion surfaces w i t h i n these beds 
(some of which can be seen, but many of which must, go un-noticed), 
sections through tbe series show w i l d v a r i a t i o n s over quite short 
distances. I t i s suspected, however, tha t one of tbe f a c t o r s con-
t r i b u t i n g t o these -variations i s tbe mode of weathering of tbe 
sil i c e o u s argillaceous limestones, which seem t o break up i n t o platey, 
apparently somewhat sbaley f o s s i l i f e r o u s bands during tbe process of 
decomposition, and are often d i f f i c u l t t o distinguish from tbe 
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f o s s i l i f e r o u s calcareous shale partings which occur throughout the 
series. But despite a l l these s t r i k i n g v a r i a t i o n s , one band of 
white chert, about 4-1 t h i c k , which i s developed towards the top of 
the series, i s remarkably constant and has been used as a mapping 
horizon, being an invaluable marker f o r p o s i t i o n w i t h i n t h i s v a r i a b l e 
series. I t outcrops j u s t beneath the top of the v a l l e y sides i n 
lower Swaledale, and has been named the Marske Chert Band, a f t e r 
the v i l l a g e around which i t i s so we l l seen. I t has" been traced 
as f a r west as L i t t l e Puncbard G i l l (957033-), on the west side of 
Arkengarthdale, and i s known t o exist over an area-of more than 
30 square miles on the north side of Swaledale. 
The Richmond Chert Series i s succeeded by shale, s u b s t a n t i a l l y 
t h i c k e r i n the west than i n the east, which i s o v e r l a i n by the !Pen 
Fathom G r i t . I n upper Swaledale the " G r i t " i s 'commonly i n two parts 
which are separated by a t h i n limestone (named the Faraday House 
Limestone by Rowell (1953)» and followed by Reading i n t o Stainmore) 
and sometimes by a coal. I t i s p a r t i c u l a r l y w e l l developed west 
of Reeth and i n Arkengarthdale, where i t often exceeds 60' i n 
thickness (Dakyns et a l . , p . I l l ) , and i s o v e r l a i n by the Crow 
Limestone. I t has been mapped between the bead of Arkengartbdale 
and the moors west of Marske, and although of considerable thickness, 
i t i s never coarse enough t o be comparable with t r u e Millstone G r i t 
f a c i e s . The Faraday House Limestone, i f developed, i s nowhere 
exposed w i t h i n t h i s area. East of Marske, however, sections i n the 
south side of Swaledale show'very r a p i d t h i n n i n g of the Ten Fathom 
Grit., and h a l f way to Richmond i t i s represented merely by a few t h i n 
sandstone bands i n shale, while a mile SE of Richmond i t has gone 
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altogether, the Richmond Chert Series "being separated from the Crow 
Limestone by only a few fe e t of shale. 
DETAILS 
( i ) Main Limestone 
(a) North f l a n k of tbe a n t i c l i n e 
The Main Limestone closes i n Sleigbtholme Beck a mile above 
i t s confluence with tbe Greta, at the bead of a gorge l i n e d on 
ei t h e r side f o r mile by c l i f f s of limestone. The outcrop i n the 
beck extends upstream f o r some 400 yards, t o the foot of Black Scar 
(965113), tbe t o t a l thickness being 42'. Scattered corals, l a r g e l y 
DibunophyHum, occur over about 5* i n the middle of the section, and 
small chert nodules weather out at i n t e r v a l s . Traced downstream 
towards Bowes, tbe limestone r a p i d l y t h i n s and i n Huggill (976127) 
there i s only 30', both the top and bottom being well-defined. 
I t can be followed along tbe south side of the v a l l e y (dipping north 
at 4° and overlying a t h i n coal) as f a r as Chert Gill,"where a dip 
slope forms tbe bed of tbe beck f o r %. mile. Along the nortb side 
of tbe Greta v a l l e y , the base of the' limestone"is picked up at 
i n t e r v a l s j u s t above the r i v e r as f a r east as Chapel Bank, below 
Bowes (993133), while tbe top i s seen only i n Seal G i l l (974132) 
between tbe railway and the main road (A.66). " The limestone i s 
grey and c r i n o i d a l , never the creamy colour c h a r a c t e r i s t i c of the 
Underset, and generally l i g h t e r grey than those limestones under-
l y i n g the Underset. I t i s well-bedded, occurring i n posts often 
4«-5« t h i c k , and generally with excellent j o i n t i n g . Macrofossils 
are not common (except l o c a l l y ) and tbe limestone i s pure i n i t s 
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lower p a r t , but towards the top argillaceous partings are usually 
present. I t i s very w e l l exposed i n Kilmond Scar, and on the dip 
slope f o r up t o )& mile north of i t , where there has been extensive 
quarrying. The old L.N.E.R. quarry at Hulands (015138) exposes 60' 
of undulating c r i n o i d a l limestone, the shaley partings towards the 
top (which i s b e a u t i f u l l y polished and s t r i a t e d by ice action) being 
up t o 1* t h i c k . Just behind the crusher, a bore bole was once 
sunk t o prove the thickness of limestone, and i s said by one of the 
quarry-men present at the time t o have reached the underlying shale 
at 60'. There are a f u r t h e r 25' of limestone exposed i n the quarry 
above the spot where the hole was d r i l l e d , making the alleged t h i c k -
ness of the Main Limestone 85'. This compares with the known t h i c k -
ness of 30' i n H u g g i l l , 2}& miles WSW. 
Another excellent section i s "that i n Kilmond quarry, )£ mile 
to the SE (023135), where 50' of grey, thickly-bedded c r i n o i d a l 
limestone are seen, bearing traces of chalcopyrite i n c a l c i t e - f i l l e d 
c a v i t i e s . A specimen l 1 above the base of the limestone i s un-
usually dark, bard and fine-grained, and i n t h i n section i s seen t o 
be p a r t i a l l y r e c r y s t a l l i s e d , with stout bracbiopod fragments and 
productid spines (associated with which are many small p y r i t e cubes), 
and many foraminifera, p a r t i c u l a r l y Endotfayra and Tetrataxis, with 
Howchinia conspicuous by i t s absence: The bulk of the limestone i s 
grey and c r i n o i d a l , w i t h much organic debris (mainly brachiopod 
fragments, but with some bryozoa and occasional small fo r a m i n i f e r a ) 
and a band of corals 45' above the base. A compound analysis made 
on a number of representative specimens from the face f o r George 
Hodsman and Sons Ltd. gave the f o l l o w i n g r e s u l t : -
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CaCO^ 84.30% 
MgC03 2.32ft 
S i 0 2 + insoluble 10.31% 
FeO,Fe 20 5,Al 20 5 1.23% 
H 20 + organic 1.64% 
100.00% 
The most s t r i k i n g part of t h i s analysis i s the high s i l i c a 
value, and although tbe only s i l i c a seen i n tbe t h i n sections was a 
s o l i t a r y p a r t i a l l y replaced bracbiopod s h e l l , there must be a con-
siderable quantity disseminated throughout tbe limestone, probably 
as a depositional constituent, which has subsequently become con-
centrated l o c a l l y i n t o chert nodules. 
Many outcrops of the Main Limestone occur i n small quarries 
on e i t h e r side of the road A.66 as f a r east as the Cross Keys 
(038138), but north of tbe road i t dips northwards i n t o d r i f t . 
Limestone i s seen i n several places i n T b o r s g i l l Beck, where i t i s 
rather argillaceous, and must be.near the top of the Main. A short 
way nortb of the beck, the Mount Pleasant bore proved "only 55* of 
Main Limestone, which contained shale bands near the top, and"the 
main bulk of wbicb was rather u n f o s s i l i f e r o u s , apart from small 
c r i n o i d ossicles throughout and a few corals and bracbiopods near 
the base. Eastwards, tbe next exposures are i n the Tees where, 
between Bgglestone Abbey and a point 2/3 mile downstream, 83* of 
t h i c k l y bedded grey * c r i n o i d a l limestone are exposed i n Rokeby Gorge 
(see Frontispiece). This i s p r a c t i c a l l y the same thickness as tha t 
alleged i n Hulands quarry. Tbe only macrofossils seen were 
occasional corals, apart from the abundant c r i n o i d ossicles. Down-
stream, tbe limestone i s seen at i n t e r v a l s r e s t i n g on tbe underlying 
carbonaceous sandstone, and nortb of Rokeby Park (083144) the dip 
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again brings i t i n t o the r i v e r , where i t makes a continuous outcrop 
(dipping downstream at about 5 ° ) as f a r as the confluence with the 
Greta (085145). There i s another continuous section up the Greta 
f o r 300 yards, exposing the f u l l thickness of the Main again, beyond 
which limestone i s seen f o r some 500 yards f u r t h e r upstream i n 
Mortbam Wood. The next exposures t o the SE are i n a d r i f t - f r e e 
patch around Lane Head (125117)> where a quarry section by the 
cross-roads shows 36* of limestone dipping northwards at between 3° 
and 5 ° . Just over a mile north of t h i s , the Wycliffe bore (122134) 
proved the"Main t o be 57 ' t h i c k , shaley with f i n e s h e l l fragments 
and bryozoa at the top, mainly the normal grey c r i n o i d a l type below, 
with argillaceous streaks becoming less common with depth. The 
bottom 6' had been p a r t i a l l y dolomitised, and a small dolomite-lined 
c a v i t y was brought up some 4 f 6 l f above the base. J4 mile north of 
West Layton, i n another d r i f t - f r e e patch (14-3104),' a quarry has 
exposed 34' of the Main. 7 ' of brown r e c r y s t a l l i s e d and dolomitised 
limestone with many small dolomite-lined c a v i t i e s form the lower 
part of the quarry, and are o v e r l a i n by 27* of the normal grey 
c r i n o i d a l type. Two small residual o u t l i e r s of limestone also 
occur near here, one being about 600 yards NE of West Layton (146104), 
and the other on the ridge 350 yards south of T e l f i t H a l l (130107). 
Old quarries i n both of them reveal the lowest' dolomitised'level 
i n the Main. 
Eastwards, i n East Layton and Forcett quarries, where there 
are something l i k e 2 miles"of almost continuous quarry face, one of 
the largest single exposures of the Main Limestone i s t o be seen. 
There are i n f a c t 3 quarries, extending over % mile, the easternmost 
being Porcett quarry, west of which are Worth and South East Layton 
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quarries, both the l a t t e r being a c t i v e l y worked. Porcett quarry, 
now no longer used, exposes 4-3' of well-bedded grey c r i n o i d a l lime-
stone, apparently homogeneous and rather u n f o s s i l i f e r o u s , which i s 
covered by up t o 20' of boulder clay (containing a high proportion 
of material from west of the Pennines). The top of the limestone 
has been polished and s t r i a t e d by i c e action, as i n the two other 
parts of the quarry. The j o i n t i n g i s w e l l developed, but i n the 
adjacent northern part of East Layton quarry the j o i n t i n g i s quite 
spectacular, two major sets c u t t i n g the limestone up i n t o huge 
blocks, which are traversed by a minor set between the other two 
(Plate 13B, p. 179) (but see Chapter 8 section ( c ) ) . I n t h i s p a r t 
of the quarry up t o 4-91 of the Main are seen, the upper pa r t 
containing dark i r r e g u l a r argillaceous streaks. The limestone 
apparently contains remarkably few f o s s i l s apart from c r i n o i d 
ossicles, but i n t h i n section the upper part i s seen t o consist 
l a r g e l y of fragmentary brachiopods and bryozoa, with much c r i n o i d 
debris, among which i s disseminated a vari a b l e proportion of a r g i l l -
aceous material. There are traces of malachite i n c a l c i t e on the 
j o i n t surfaces here, but i n the southern part of East Layton quarry 
a whole s u i t e of copper-bearing minerals has been"identified. 
There are two f a u l t s (both downthrowing NW) crossing t h i s quarry i n 
a ME-SW d i r e c t i o n , the one to the NW throwing at least 2 0 ' , the 
other only 9 1 . Associated with the former, which brings"nearly 
20' of beds underlying the Main i n t o contact with the limestone, 
are much malachite and a z u r i t e , with bornite nodules and cbalcanthite 
i n the beds beneath the limestone, and cbalcopyrite (+ goetbite) 
with a l i t t l e c o v e l l i t e higher up, i n the limestone,"which also 
contains q u a n t i t i e s of barytes, w i t b e r i t e and c a l c i t e i n the f a u l t 
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zone. These minerals are found elsewhere throughout the quarry 
(but i n very much smaller q u a n t i t i e s ) i n the limestone and p a r t i c u -
l a r l y on j o i n t surfaces, and are c e r t a i n l y not associated exclusively 
with the f a u l t zone. The smaller f a u l t includes a zone of "breccia 
which has been cemented'largely by barytes, w i t h some c a l c i t e and 
dolomite, on which have grown l i t t l e c l usters of r a d i a t i n g malachite 
f i b r e s . Small specks of chalcopyrite are present i n the barytes. 
The quarry section shows a maximum of 4 5 ' of limestone, the lower • 
few feet of which have been dolomitised as elsewhere. I t i s note-
worthy that none of the three quarries show any chert nodules i n the 
limestone. The owners of the quarries had a series of analyses 
made i n 1922 of the limestone i n the southern part of Bast Layton 
quarry, with the f o l l o w i n g r e s u l t s : -
Distance of sample above %CaCO* %JS%00^ %FeO + FepO^ %SiO ? Sum base of limestone 
41i 9« 
38*5" 
37*7* 
34*7" 
3 2 * l r t 
30«lrt 28*10" 
2717 n 
23*4" 
2 1 ' 1 0 " 
20*2" 
18*2" 
15* 6" 
14*6" 
13*6* 
1 2 « 3 f t 
l l 1 9 * 
10*9* 
10* " 
94.01 
97 .01 
94.93 
96.05 
95.18 
92.26 
94.68 
95.41 
95-04 
9 6 . 5 1 
92.61 
91.10 
93.76 
97.46 
98.25 
97-81 
90.24 
91.17 
94.78 
91.49 
0.87 
1.13 
1.36 
1.09 
1.17 
4 .35 
1.36 
1.21 
1.02 
1.14 
5.29 4.46 
3..85 
0.99 
0.75 
0.98 
6.20 
6.13 
3.40 
6.12 
0.60 
0.35 
0.55 
0.35 
0.90 
0.75 
0.55 
0.40 
0.40 
0.40 
0.85 
0.75 
0.55 
0.75 
0.40 
0.60 
1 .05 
1.30 
0.90 
1.65 
4.50 
1.50 
3.20 
2 . 50 
2.85 
2.50 
3.30 
2.95 
3.50 
1.95 
1.15 
3.55 
1.70 
0.70 
0.45 
0.55 
2 .25 
1.20 
0.95 0.70 
99-98 
99-99 100.04 
99.99 
100.10 
99.86 
99.89 
99.97 
99-96 
100,00 
99.90 
99.86 
99.86 
99.90 
99.85 
99*94 
99.74 
99.80 
100.03 
99-96 8* 
These analyses show t h a t the lower 12 ' have a much higher MgO 
content than most of the r e s t of the face, and presumably i n the 
112 
lowest 8 1 the dolomite content was known to be too high to be of 
use, and"the rock was not analysed. The f i g u r e s leave no room f o r 
any argillaceous i m p u r i t i e s , and these are only seen i n the upper 
part of the limestone, i n the quarry to the north. The s i l i c a 
content, up to 4-^5, i s s i g n i f i c a n t because here t h e r e ' i s no evidence 
of i t e i t h e r i n hand specimen or i n t h i n section, which again lends 
support t o the view t h a t i t i s disseminated throughout the rock as 
a depositional constituent, although i n t h i s case evidently rather 
a v a r i a b l e one, and not apparently high enough f o r concentration i n t o 
chert nodules. Many dip readings were taken i n these 3 quarries, 
and also i n old Porcett quarry Q£ mile SB of the one described above), 
where up t o 33' of limestone have been exposed beneath up t o 25 ' 
of boulder clay. These showed how l i t t l e use i s o l a t e d readings can 
be f o r p r o j e c t i n g a horizon over any distance, because the beds 
undulate considerably and dip, w i t h i n t h i s r e s t r i c t e d area, i n every 
d i r e c t i o n of the compass up t o as much as 7°. I t i s only when an 
idea of the regional dip can be obtained t h a t i t " i s possible t o 
construct outcrops of these undulating beds beneath the d r i f t with 
any accuracy. 
The v i l l a g e of East Layton i s b u i l t on a small d r i f t - f r e e 
patch of Main Limestone (a p r e - g l a c i a l h i l l ) , the i n t e r v a l between 
there and the quarry (between % and % mile away) a f f o r d i n g an estimate 
of the regional northerly dip. Eastwards the limestone i s seen 
i n an old quarry t o the east of the Forcett-East Layton road 
(168103), where 2 5 f dip HE at between 10° and 14°", while #,mile 
f u r t h e r SE i t i s seen dipping EKE at 11° i n a quarry on the edge of 
G i l l Wells Plantation (172101); ~ Beyond t h i s the Main Limestone i s 
not seen again as f a r as Middleton Tyas, nearly 5 miles"away, and 
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the only evidence f o r i t s p o s i t i o n i s a depression i n the d r i f t 
(possibly a shake bole) beneath Suddels Farm (181101), 900 yards t o 
the east of the l a s t exposure. 
I n Middleton Tyas, the Main Limestone i s seen i n small 
exposures j u s t south of St. Michael*s Church (235055)* where i t has 
been dropped down by the'Middleton Tyas f a u l t . % mile south of 
t h i s , a quarry between K i r k and Ludburn Becks shows 7 T of i t covered 
by reddish d r i f t , but one of the'best exposures i n t h i s neighbourhood 
i s i n Soutbfields quarry (228049), now a rubbish dump, where the 
f o l l o w i n g section was measured:-
Limestone, 7' d r i f t over 2' 
Calcareous shale, with f l a t t e n e d c r i n o i d 
ossicles " 10° 
Grey c r i n o i d a l limestone, even-bedded with 
3 shaley partings of 2"-4" thickness 8 ? 
Limestone, as above ^ 20* 
30'10" 
The Main Limestone i s also seen i n and around Moulton 
(235038), where i t i s a f f e c t e d by an E-W f a u l t . On the west side 
of the beck (a few yards above the bridge) some 60 1 of limestone 
are exposed dipping HUE at 20° away from the f a u l t , while i n a road-
side quarry 250 yards t o the west i t i s pale brown and dolomitic, 
with many small c a v i t i e s , and bears signs of current-bedding. The 
d o l o m i t i s a t i o n i s evidently associated with the f a u l t , south of ' 
which more dolomitised limestone i s seen dipping south at 18°. 
West of Mou^ton, the Main Limestone was reached i n a bore hole at 
Morris Grange Sanatorium (223042) beneath 89 f of d r i f t , and behind 
Scotch Corner Hotel 48' were proved beneath 71* of d r i f t . % mile 
north of Scotch Corner (213057), a quarry i n a'small wood beside the 
ol d Great North Road exposes some 1 5 ' of the Main, which was also 
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reached "beneath 23 1 of boulder clay i n a deep w e l l near V i o l e t 
Grange (208057). "On the north side of the road A.66, % mile from 
Scotch Corner, grey c r i n o i d a l limestone i s seen dipping 2TW at 6° 
i n t o the Sedbury f a u l t . A quarry 500 yards east of Sedbury H a l l 
(202050) , through which the dri v e t o the H a l l passes,"has been 
worked i n 29 ' of w e l l - j o i n t e d Main Limestone, the lower 9* of which 
have been dolomitised (as i s so commonly the case). SB from here, 
a feature marks the base of the limestone f o r a mile, but i t 
becomes progressively f a i n t e r , and i s f i n a l l y l o s t beneath d r i f t a t 
Abbey Close. 
(b) South f l a n k of the a n t i c l i n e 
The most easterly sign of the Main Limestone on the south 
side of the G i l l i n g v a l l e y i s at O l l i v e r Ducket (183022), where i t 
outcrops on the north side of Pilmoor H i l l , and i s brown and 
dolomitic due ( i n p a r t ) t o the proximity of the Bend Hagg f a u l t . 
An o l d shallow quarry 150 yards SB of St. Osytbe" shows the normal 
grey l i t h o l o g y , but % mile west, "at Bend Hagg (173023), the lime-
stone appears on the south side of the f a u l t , where i t i s brown and 
dolomitic near the d i s l o c a t i o n . But 70 yards away i n the old 
quarry, 27 ' of grey c r i n o i d a l limestone have been worked, and the 
well-developed j o i n t s bear traces of malachite and a z u r i t e . Along 
the north side of the race-course, o l d north-facing quarries expose 
up t o 20* of limestone also bearing traces of malachite and a z u r i t e , 
these minerals being seen again i n a quarry 350 yards WSW of 
Ginge r f i e l d Farm (162025), but here the limestone has been dolomitised 
i n addition. The Main i s seen at i n t e r v a l s along Rasp Bank, where 
i t i s affected by several f a u l t s * and traces of copper are seen 
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again above High Coalsgarth. South of t h i s , a f a u l t e d outcrop 
forms Beacon H i l l (145025) , 150~yards east of which a quarry section 
shows 46* of grey limestone (also with traces of malachite and 
a z u r i t e on the j o i n t surfaces) dipping north at 18° to j o i n the 
exposures i n Hasp Bank. Along Ooalsgarth Edge and opposite, i n 
Eandell Wood, the Main outcrops at i n t e r v a l s and the base makes an 
excellent feature round 3 sides of the Jockey Cap Clump t o the north. 
North-eastwards as f a r as the Peldom f a u l t , however, a combination 
of g l a c i a l d r i f t and peat obscure the limestone except f o r sporadic 
exposures i n shake holes (which are f a i r l y numerous), but the base 
makes a feature f o r some 750 yards t o the SE of Buddie House 
(133044) . Just SE of the f a u l t , the limestone surmounts the 
watershed, and the"outcrop continues down towards Olapgate Beck 
where 30' are exposed at the springs where the beck r i s e s (109036). 
Down the east side of the v a l l e y the limestone i s w e l l seen i n a 
number of scars, where i t has a rather variable dip. The lower 
2 0 ' bear signs of d o l o m i t i s a t i o n here. Near the confluence with 
Hey G i l l there has been considerable a l t e r a t i o n of the limestone due 
t o f a u l t i n g , and i t i s now almost e n t i r e l y r e c r y s t a l l i s e d t o a brown 
dolomite-calcite rock, a l l traces of organic remains having disappear-
ed, and i t i s i n t i m a t e l y veined by threads of dolomite-ankerite, 
g i v i n g i t the appearance of a breccia. South of t h i s , the base of 
the Main i s brought r i g h t down i n t o the beck by the Hey G i l l syncline, 
but south of the Marske Moor f a u l t i t i s up again at about 800' O.D., 
and i s seen at i n t e r v a l s down both sides of the v a l l e y towards"the" 
Swale. 
Above the spring on the side of Olapgate Bank (121024) the 
limestone i s seen t o contain chert nodules i n i t s upper part. Round 
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Applegarth Scar, and eastwards along W h i t c l i f f e Scar, the Main i s 
w e l l exposed i n many places, but the lower part i s not often seen, 
i t being generally obscured by debris f a l l e n from above. % mile 
west of West Applegarth (122015) , however, the f u l l thickness of 60' 
i s v i s i b l e , and there i s " a gradual passage through 6" from the under-
l y i n g sandstone. There i s a good band of Ohaetetes^depressus 
between 18" and 2 ' above the base, but t h i s i s the only place where 
i t has been seen.Johnson (personal communication) has found a s i m i l a r 
band i n many places i n the Tyne v a l l e y , one l e n t i c u l a r mass extending 
over several acres. I n W h i t c l i f f e Scar the Main i s 63' t h i c k , the 
lower 20 ' being dolomitise'd and cavernous t o a greater or lesser 
extent, with Lonsdaleia f l o r i f o r m i s some 3' above the base. At.the. 
eastern end of the scar, the base i s i n sharp contact with the" 
underlying sandstone. On the south side of the v a l l e y , the Main 
Limestone i n Scarcote G i l l i s only 55' t h i c k . North of the Richmond 
f a u l t i t s top enters the Swale i n Temple Grounds (166007), where 
levels have been driven i n t o the limestone f o r copper." ~ Between the 
two branches of the f a u l t , 35' of p a r t l y dolomitised limestone are 
exposed i n the wood south of the Temple, and on the south side of 
the r i v e r two l e v e l s have been driven i n t o the bank at the base of 
B i l l y Bank Wood (165006) t o work deposits of copper which were 
evidently associated with the northern branch of the f a u l t . The Main 
disappears i n t o the r i v e r 150 yards above Richmond Bridge, dipping 
downstream at 10°, but i t reappears again 1/3 mile f u r t h e r down at 
the base of the weir, dipping SB, a small syncline covering the 
intervening part. On the south side of the f a u l t , opposite the 
St a t i o n (177010), some 40' of the limestone are seen r e s t i n g on sandi-
stone and covered by t h i c k boulder clay. I t i s the normal grey 
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c r i n o i d a l type except near the f a u l t , where i t has been dolomitised 
and i s rather cavernous. The limestone soon disappears i n t o the 
r i v e r dipping SB at 5°, but a f u r t h e r record comes from the bore i n 
St. Trinian*s quarry (189008), where the Main was proved t o be 62 t4" 
t h i c k . Shale bands 27*6" and 33'9" above the base yielded several 
f i s h scales and a few small Lingula? 
On Feldom Moor, at the head of Olapgate Beck, the Main Lime-
stone forms an extensive SW-facing d r i f t - f r e e dip slope, through 
which the Feldom f a u l t runs. This f a u l t has been much worked i n 
the past through a series of b e l l - p i t s ( f o r lead and copper) on 
eit h e r side of Feldom Lane, and galena,~cbaleopyrite, malachite, 
a z u r i t e , goetbite, barytes, dolomite and c a l c i t e have been col l e c t e d 
from the t i p s . I n add i t i o n , chalcopyrite, malachite and goethite 
were obtained from old ' f l a t s 1 workings 400 yards north of the f a u l t , 
which suggests t h a t the'copper-bearing minerals are not necessarily 
associated p r i m a r i l y with the f a u l t (but see Chapter 11, section ( c ) ) . 
Much of t h i s dip slope i s i n the lower buff-coloured, r e c r y s t a l l i s e d 
and p a r t l y dolomitised part of the limestone, i n which a l l traces 
of m icrofossils have gone, but round the western edge the top of the 
limestone i s w e l l marked by swallow boles, i n many of which the top 
few feet of the limestone are v i s i b l e . A specimen from one of these, 
SSE of the remains of West Feldom (104040), shows the top of the 
Main t o be sandy, containing up to'10^ of small angular quartz 
grains (about 0.05 rom. i n diameter) i n a matrix of organic debris, 
mainly of crinoids and brachiopods, with a l i t t l e i n t e r s t i t i a l 
argillaceous material. A few bryozoan fragments and a single 
Tetrataxia were seen i n the section, which also contained some 
glauconite grains about 0,1 mm. i n diameter, and a l i t t l e glauconite 
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replacing c r i n o i d ossicles. 
Just south of Feldom Nick (116052) the base of the Main makes 
a feature f o r about 200 yards t o the SB of the l a t e r a l moraine, but 
to the NW peat obscures i t f o r about 1% miles, the only exposures 
being i n swallow holes. Along t h i s s t r e t c h the p o s i t i o n of the 
Feldom moraine coincides with the outcrop of the lower part of the 
Main, the base of which i s consequently r a r e l y seen. There are 
many outcrops along the south side of the Snaiza G i l l overflow 
channel, on Gayles Moor, near the western end of which (084059) "t^e 
f u l l 60' of limestone are seen. At the spring }4 mile SW of Horn-
briggs (092062) the base of the Main i s dolomitic and unusually 
cavernous, the c a v i t i e s being p a r t i a l l y f i l l e d by large crystals of 
c a l c i t e . The dip here i s 9° SW, taking the limestone beneath an 
o u t l i e r of the overlying chert "series, the l a t t e r occupying the 
centre of a small basin. North of t h i s o u t l i e r i s another dip 
surface, the NB corner of which i s crossed by the Feldom moraine. 
Outcrops occur i n many shallow quarries where the limestone has been 
worked l a r g e l y f o r w a l l i n g material, and the base i s easi l y traced 
(except on the eastern s i d e ) , by means of an excellent feature a 
l i t t l e way beneath the top of the slope, round i n t o Snaiza G i l l again. 
South of the g i l l , numerous outcrops occur i n shake holes and l i t t l e 
shallow quarries, and the base can be traced round from the g i l l and 
along the north and east sides of an area of bog NE of High Waitgate, 
where the limestone rests d i r e c t l y on massive sandstone'. H'e're, the 
lower 7» are brown and dolomitised, the only parts not to have r e -
c r y s t a l l i s e d being the stouter c r i n o i d fragments, but above t h i s the 
normal grey c r i n o i d a l l i t h o l o g y p e r s i s t s . Just t o the north of the 
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High Waitgate f a u l t the base and the top of the limestone (both w e l l 
defined) are brought to w i t h i n 80 yards of one another by a dip 
along the f a u l t of 12°, which i s i n s t r i k i n g contrast t o the extensive 
outcrops to the north and east. 
South of the Waitgate f a u l t system there has been much 
landslipping over the outcrop of the Main, but the lower 45' of i t 
are we l l seen i n Kersey Green Scar (083045), while the top i s marked 
by shake holes in" the slope behind.' The base ( i n sharp contact 
with the underlying sandstone) i s seen i n a number of outcrops as 
f a r south as Tbrin G i l l (083037), beyond which the limestone i s 
obscured as f a r as the springs at the base of Helwith Bank (082029). 
80' above T e l f i t Farm (086026) the top of the Main has" been quarried, 
and i t i s seen dipping'SW i n several places between there and the 
f a u l t . Down the east side of Waitgate G i l l up t o 55' of limestone 
are seen between the Dickey Edge" f a u l t s , where the base i s w e l l 
exposed, but southwards as f a r as the l i t t l e g i l l entering from 
Marske Moor to the east, only i s o l a t e d exposures emerge through 
slipped material, one of which shows 6 1 of grey c r i n o i d a l limestone 
with chert nodules. A section of one"of these shows, un l i k e those 
i n the Underset, a gradual t r a n s i t i o n from c r i n o i d a l limestone with 
brachiopod and bryozoan fragments, and a few foraminifera ( p a r t i c u l a r -
l y Endothyra and T e t r a t a x i s ) with small patches of i n t e r s t i t i a l 
m i c r o c r y s t a l l i n e s i l i c a , i n t o a rock mainly formed of minute r a d i a l 
aggregates of chalcedonic s i l i c a i n which are t a t t e r e d c a l c i t e 
remnants. The l a t t e r show no signs of r e c r y s t a l l i s a t i o n , again 
unlike those nodules sectioned from the Underset. 
A small f a u l t e d i n l i e r of Main Limestone has been worked on 
Marske Moor, where a quarry on the north side of Limekiln H i l l 
(103027) exposes 3 0 ' dipping south at 6°, the lower part being brown 
and dolomitised, as i s usual. South of the f a u l t the Main i s 
exposed on both sides of Marske Beck, forming a dip slope above the 
eastern bank t o the north of Orgate Vein. The base i s e a s i l y 
traced round the natural boundaries df t h i s outcrop as f a r as the 
vein. A quarry on the northern side (098023) exposes the lower 28', 
with a band of chert nodules 2 5 ' above the base, while along the SW 
side e x c e l l e n t l y developed j o i n t s have l e d t o the, formation of a 
52* v e r t i c a l c l i f f of limestone, brown and dolomitic at the base, 
which dips SE at about 6° i n t o Orgate Vein (Plate 5> p.2 ). An 
ol d shaft on"the v e i n , 400 yards beyond the v a l l e y edge, has brought 
up galena and barytes associated with dolomitised limestone. 
South of the v e i n , the Main i s dropped r i g h t down i n t o Limekiln 
Wood, but i s covered over by landslips as f a r as Clints'Wood, where 
a section of 5 8 ' i s seen. Just above O l i n t s Cottage (100009) the 
f u l l thickness of 76' was measured. To the west of the beck 
exposures are poor. ~ On the north side of Skelton Moor 40' of grey 
c r i n o i d a l limestone have been quarried close t o the o l d lead mines 
(078024), and on T e l f i t Bank the top i s v i s i b l e i n several places 
( o v e r l a i n by the chert s e r i e s ) , but around Skelton i t s e l f the out-
crop i s conjectural. 
Shaw Vein has thrown up a f a u l t e d i n l i e r of Main Limestone 
i n Shaw Beck which i s seen as f a r upstream as the Green Dragon Inn 
(054027). The greatest thickness exposed i s 45' (on the SW side 
of the v e i n ) and a row of shake boles along the top of tbe~"soutb 
bank marks the top of the limestone. Where the outcrop closes i n 
the beck near the Inn, the top i s seen to be the normal grey 
c r i n o i d a l type, but i n a d d i t i o n contains s i l i c e o u s patches of i r r e g u l a r 
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o u t l i n e which are only v i s i b l e on a weathered surface. A decalci-
f i e d specimen showed some of these patches t o be c y l i n d r i c a l i n 
shape, some 5-7 i n diameter and several centimetres long. 
These sili c e o u s patches contain very small quartz grains, and are 
evidently of l a t e r o r i g i n than the rest of the rock, possibly being 
i n f i l l e d borings. The residue from the treatment was found t o 
contain (apart from quartz sand) aggregates of very small p y r i t e 
cubes, a few glauconite grains and glauconite casts of t i n y gaster-
opods, together with several b e x a c t i n e l l i d sponge body spicules 
r e f e r r a b l e t o Hyalostelia (Hinde, 1888). 
The Main Limestone i s w e l l seen i n Holgate Beck (065039)i 
where i t dips 14 0 SSE away from the Faggergill-Waitgate'fault, the 
base making a good sweeping feature down Hollin'Brow. North of 
the f a u l t i t has been quarried on Fair Seat H i l l " (046046), where i t 
dips at 24° to the north. The dip soon f l a t t e n s " o u t , and i n 
Moresdale G i l l i t i s t o the south. The base of the limestone i s 
exposed i n many places on both sides of the g i l l , showing a sharp 
j u n c t i o n with the underlying sandstone. The lower part i s brown 
and dolomitic, and chert nodules occur up Low Easegi l l Beck, a 
north-bank t r i b u t a r y . )4 niile west of Kexwith~there are apparently 
two scars formed by the Main Limestone, but the lower one i s not 
i n place, having slipped f o r 75 , -100 ' down the h i l l s i d e . North 
of Kexwitb there are many excellent and f u l l sections of the Main 
Limestone i n the region of Arndale Hole, where the outcrop i s l a r g e l y 
bare i n the steep sides of the v a l l e y . The Main i s 60' t h i c k 
250 yards south of the confluence, while immediately above i t 62' 
were measured, and several hundred yards f u r t h e r upstream the 
thickness has r i s e n to 65'. I n the f i r s t section the limestone 
l i e s d i r e c t l y on sandstone, but upstream some 3"-6" of f o s s i l i f e r o u s 
shale intervenes. The limestone base i s only p a r t l y r e c r y s t a l l i s e d , 
the unaltered patches consisting of much s h e l l debris with many 
foraminifera and numerous p y r i t e cubes up t o 0.3 mm. across. The 
limestone i s t o t a l l y r e c r y s t a l l i s e d 3 1 above the base ( a l l organic 
traces having been o b l i t e r a t e d ) and consists almost e n t i r e l y of 
dolomite-ankerite, cold HC1 having l i t t l e e f f e c t on i t . Higher 
up, the c r i n o i d ossicles have escaped a l t e r a t i o n , and over 12' above 
the base the normal grey l i t h o l o g y i s present. Some of the few 
f o s s i l s ( p a r t i c u l a r l y spiny productids) have been s i l i c i f i e d and 
stand out s t r i k i n g l y on water-worn surfaces. Embedded i n the lime-
stone 3Q0 yards upstream from Arndale Hole was a prismatic c r y s t a l 
of quartz some 2 cms. i n length which indicates a high ( i f only 
l o c a l ) s i l i c a content. The limestone outcrops i n Arndale Beck, 
dipping a l t e r n a t e l y up- and down-stream f o r 600 yards above the 
confluence, before the overlying chert series enters the water. 
Down the east side of Arndale Beck, south of Arndale Hole, 
and along the HE side of the v a l l e y as f a r as West House (063048), 
landslips cover most of the Main, but the upper part i s seen at 
i n t e r v a l s . I n a crag 100 yards NW of West House, chert- nodules 
up to 20" i n length occur i n a 6" band some 14' below the top of 
the limestone. Eastwards, Holgate How i s formed by the Main, i t s 
base making a most excellent feature round i t s south and east sides, 
while t o the north a dip slope drops down t o a series of swallow 
boles along the east side of Holgate Moor. The f a u l t e d outcrop of 
the Main Limestone on Long Green i s studded with small shallow 
quarries, and round the north side the base makes a good feature. 
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The beck from Frankinsbaw Well sinks i n t o the limestone on crossing 
the Long Green-Byers H i l l f a u l t (071063) and reappears again 250 
yards f u r t h e r on i n a strong spring at i t s base. Byers H i l l i s 
capped by an o u t l i e r of Main Limestone some 20* t h i c k which makes 
a feature a l l round the h i l l , " a n d i s w e l l exposed i n a quarry on the 
north side (072075). The bottom 7 f are not seen, but between 7 1 
and 10 1 above the base the limestone i s brown and dolomitised, w i t h 
many l i t t l e c a v i t i e s . Above t h i s , the normal grey limestone i s 
seen, but i t i s p r a c t i c a l l y devoid of macrofossils apart from the 
ubiquitous c r i n o i d remains. 
The Main Limestone on Newsbam Moor has a wide outcrop, and 
i s seen i n many small exposures and swallow boles i n the t h i n peat 
covering. The base i s easily followed from the HE side of 
Frankinshaw How (063065) a l l the way round to Woodeiose G i l l 
(041076), where there i s everywhere a sharp j u n c t i o n with the t h i c k 
underlying sandstone. I n d i v i d u a l dips are very v a r i a b l e , but the 
regional dip i s SSE. At Spring Head (055066) the base appears 
again on the edge of a l i t t l e f a u l t e d i n l i e r of the underlying 
sandstone, NW of which the limestone dips at 30° i n t o the f a u l t . 
A l l over t h i s p a r t of the moor, exposures are very shallow, no more 
than 7' being seen i n any one place. The l i t b o l o g y i s very constant, 
and the grey c r i n o i d a l limestone has well-developed j o i n t s . Above 
Osmaril G i l l (052076) the lower 22' form a bare scar on the under-
l y i n g sandstone, and round the north side of Eel H i l l the p a r t i a l l y 
dolomitised lower part of the limestone contains Lonsdaleia f l o r i -
formis at the base. Where the Main crosses the bead of Woodclose 
G i l l (dipping .SE at 5°) a dry V-shaped gorge affords a section of 
the f u l l 50 1 of limestone. South of White F e l l , very many shake holes 
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occur i n t h i s horizon, but northwards i n Hud Scar (037081) the 
temporary n o r t h e r l y dip down the slope has l e d t o a long limestone 
scree i n Hudscar Holes, beneath the outcrop. Hope Scar (033076) 
exposes 35* of the Main (brown, dolomitic and r e c r y s t a l l i s e d 
(except f o r the c r i n o i d ossicles) i n i t s lower p a r t ) , above which 
the only outcrops are i n shake holes. These sweep round over the 
watershed t o a poin t some 650 yards south of Hope Scar (034070), 
where the limestone has been mineralised towards the end of an 
ESE-WNW f a u l t . Much galena ( w i t h c a l c i t e ) i s present on the t i p s 
from the old'lead mines. Nearby, some old coal p i t s have been 
mapped by the Ordnance Survey, but there i s no evidence f o r any coal 
here,, and i t i s thought "that these p i t s belong t o some of the 
e a r l i e s t workings f o r the galena. 
Along the north side of Arndale H i l l , swallow holes and small 
exposures mark the Main Limestone across t o the west side of the 
Stang road, by the side of which Stang quarry (023076) shows 8 f of 
limestone with s t r i k i n g l y regular "wavy bedding'planes i n v e r t i c a l 
section. The amplitude of the waves i s about 2" and t h e i r length 
some 2*. I t may be t h a t t h i s i s a form of ripple-marking, but i s 
not thought l i k e l y because of the v e r t i c a l as w e l l as h o r i z o n t a l 
r e g u l a r i t y i n the section (the same p a t t e r n being repeated many times), 
and also because (as f a r as can be made out) the crests of the waves 
do not extend for'any great distance, making the bedding somewhat 
nodular i n form. NW from Stang, the d r i f t creeps up over the lower 
p a r t of the Main, but the upper pa r t i s seen i n numerous shake holes, 
i n some of which as much as 20* are v i s i b l e . There i s a very sharp 
f l e x u r e i n the limestone 650 yards SE of Jinglepot. Hole (013083), 
dips t o the HE as high as 40° being"recorded. B u t ' t b i s ' i s purely 
a l o c a l phenomenon, and there i s no evidence f o r any f a u l t i n g . 
Many shake holes and small outcrops mark the Main as f a r as the 
South Spanham f a u l t . At the head of S c a r g i l l Beck (009092) the 
lower part of the limestone has been worked from a l e v e l beading 
SSW from the spring, and galena i n quantity was obtained. But here 
again there i s no evidence of any f a u l t i n g . Between the two 
Spanham f a u l t s the Main i s marked merely by several springs at i t s 
base, but along the north side of Spanham Bast H i l l i t forms a bare 
scar i n which 54-' of limestone ( w i t h chert nodules i n the lower 
p a r t ) were measured. Spanham Hush, a t the western end of the h i l l 
(009099)* bas l a i d bare"the mineralised North Spanham f a u l t i n a 
most excellent exposure. Along the l i n e of the f a u l t the limestone 
i s much disturbed, v e r t i c a l beds being recorded, and i t i s completely 
dolomitised, with many caverns, some of which contain clusters of 
n a i l bead spar, i n d i v i d u a l c r y s t a l s being up t o Jfc cms. across. 
Goethite i s common, usually i n massive form, but i n some cases 
occurring i n l i t t l e curved rhombobedra as pseudomorphs a f t e r dolomite 
or ankerite. Around Spanbam West H i l l the Main i s w e l l seen again, 
p a r t i c u l a r l y along the north face where 45* Were measured. The 
limestone forms the whole of t h i s b i l l , so~the f u l l thickness'is 
not present. On the south side, the North Spanham f a u l t (here i n 
two p a r t s ) i s again w e l l seen, several fe e t of breccia marking the 
northern branch. 
A small i n l i e r of Main Limestone occurs i n Bast Black Sike, 
upstream from the South Spanham f a u l t (996098), where the top few 
feet are exposed over about 100 yards.' The limestone i s rather 
argillaceous, but i s s t i l l grey and c r i n o i d a l . A t h i n section 
reveals many bryozoan and f i n e bracbiopod fragments set i n a f i n e 
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mozaic of c a l c i t e , apparently r e c r y s t a l l i s e d . Tbe Main Limestone 
borders tbe Nortb Spanbam f a u l t on i t s south side f o r some 2fe miles, 
from West Black Sike to Sleigbtholme Beck. I n the former (994103), 
the limestone (much brecciated and dipping at'60° to the south) 
i s thrown against the flaggy sandstone and shale beneath tbe Main 
(Plate 13A, p. 179). The dip r a p i d l y f l a t t e n s out, and a reversal 
exposes a small i n l i e r between 100 and 250 yards f u r t h e r upstream; 
400 yards t o tbe west ( i n E l l e r Beck Husb) the throw of the f a u l t i s 
reduced to zero as i t reverses i t s d i r e c t i o n of movement, tbe lime-
stone merely dipping away from i t on e i t h e r side at up to 12°. 
But there has been considerable f r a c t u r i n g and h o r i z o n t a l s l i c k e n -
s i d i n g i n the limestone. South of tbe f a u l t , a complete section 
i n B l l e r Beck shows the Main to be 60 f t h i c k . I t contains a w e l l -
defined cora l band 45' above the base, while 35' up a bed of p a r t l y 
s i l i c i f i e d spiny productids have weathered out." For two miles to 
the west the outcrop of the Main i s covered by morainic d r i f t , apart 
from two i s o l a t e d exposures, one on tbe nortb side of Hazel Busb 
H i l l (985103) and tbe other, on tbe north side of C i t r o n Seat" (978104). 
A l i n e of sink boles marks i t s top % mile west of Eedmirg H i l l s 
(962101), and % mile east of Sleigbtbolme (960100) "the t o p ' i s exposed 
i n an old quarry, where i t dips 4° SW beneath the overlying calcareous 
shale. Grey c r i n o i d a l limestone, t h i n l y bedded, i s seen i n a 
shallow quarry 200 yards south of Bar Gap, while 180 yards west of 
the farm, i n tbe east bank of Sleigbtbolme Beck (957106),. tbe upper 
30' of tbe Main limestone are exposed, thrown against"the Upper Coal 
S i l l t o tbe nortb of tbe f a u l t . 
North of tbe North Spanham f a u l t tbe Main Limestone i s seen 
at i n t e r v a l s through tbe d r i f t on B l l e r Beck Eigg", at the NE end of 
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which (000112) 40' of h o r i z o n t a l limestone are exposed. Prom here 
as f a r as Hong Kong Plantation the base makes a well-defined feature 
on which scattered outcrops occur. A short north-facing soar i n 
Green F e l l P l a n t a t i o n exposes 25' of w e l l - j o i n t e d limestone, while 
up above, on Low Green P e l l , the top i s marked by swallow boles 
i n t o the peat cover (here up t o 8' t h i c k i n places). The up-faulted 
wedge at the southern end of Hong Kong Plantation (993117) exposes 
42 1 of the Main dipping WSW at 10° , and at the northern end of High 
Green P e l l (250 yards t o "the north) 32' of well bedded and j o i n t e d 
grey c r i n o i d a l limestone i n an old quarry are cut o f f abruptly at 
the western side by the westernmost of the High Green P e l l f a u l t s . 
A swallow hole a few yards west of the quarry indicates t h a t the 
throw of the f a u l t i s approximately equal to the thickness of the 
limestone. By means of f u r t h e r swallow holes the Main i s followed 
round i n t o Chert G i l l and back i n t o Sleightholme Beck. 
South of the watershed, the Main Limestone" has been traced 
round the bead of Arkengarthdale. To the west of the road, swallow 
holes mark i t s top between Roe Beck (954055) and the NB end of 
Leading Stead (954064), and i t i s w e l l seen (dipping NW at 4°) i n 
Swanasit quarry (956061). But across Leadihgstead BOtrtom and i n 
Mud Beck peat on very t h i c k boulder clay o b l i t e r a t e s a l l s o l i d rock. 
At the bead of Mud Beck (959085) Dakyns et a l . (1891, p.118) noted 
the presence of a powerful spring"which deposited much t u f a . There 
i s no spring there now (1954), but a 5' high green mossy mound may 
have, a foundation of t u f a . S i m i l a r l y Robin Dub (961088), described 
then as another spring, i s now a stagnant hollow.' I n Crook Sike 
G i l l , 250 yards HE of Robin Dub, 8' of shale are seen beneath t h i c k 
boulder clay, and the top of "the Main Limestone must l i e beneath t h i s 
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exposure. So i t must be assumed ( i f Robin Dub and tbe mossy mound 
are on tbe outcrop of tbe limestone) that during tbe past 75 years 
tbe water flowing i n tbe Main bas worked i t s way down t o a lower 
l e v e l . Tbe Crook Sike G i l l exposure leaves no doubt t b a t tbe lime-
stone does not continue across the watershed beneath the peat, a 
point on which tbe Primary Surveyors were unsure. Some 500 yards 
3B of Robin Dub an i s o l a t e d outcrop occurs i n Limestone H i l l *(65085), 
where a west-facing 15 1 crag of tbe Main i s e n t i r e l y surrounded by 
peat. I t may be t h a t t h i s exposure has been thrown up by a f a u l t , 
as the limestone i s here rather higher than would have been expected. 
But with absolutely no f u r t h e r evidence the exposure bas been 
mapped normally. South of t h i s , f o r 1000 yards, d r i f t and peat 
obscure the outcrop, but above Seavy H i l l they t h i n s u f f i c i e n t l y 
f o r swallow holes t o develop i n t o the top of tbe Main. At the 
head of Roughton Keld tbe limestone i s exposed at a strong spring, 
which i s d i r e c t l y " i n l i n e with very well-marked dislocations i n tbe 
features formed by tbe beds above the Main Limestone on the west 
side of Oleasby H i l l . There i s no doubt t h a t t h i s spring i s on the 
f a u l t , tbe water issuing from the base of the limestone on tbe down-
throw side. Just south of tbe f a u l t (on the upthrow side) a small 
d r i f t - f r e e patch reveals the base of tbe limestone some 20' higher 
than the l e v e l of the spring. Near Ravens Park, tbe upper l i m i t of 
tbe d r i f t drops down below tbe l e v e l of tbe Main, and eastwards from 
there the limestone i s very w e l l exposed as f a r as tbe Faggergill 
f a u l t , shake holes marking the top f o r tbe whole distance. The base 
makes an unmistakable feature a l l the way, but the outcrop is'covered 
i n places by peat, p a r t i c u l a r l y t o the west of tbe old lead mine. 
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Ovening Nick (988073) affords a good exposure of the upper part of 
the limestone i n a narrow g u l l y ending i n a swallow bole. I t i s 
grey, c r i n o i d a l , very compact, with many forami n i f e r a , and contains 
fragmentary brachiopods and bryozoa. 
*At the foot of Stang Bass a f a u l t e d i n l i e r of Main Limestone 
occurs around the old Stang Lead Mine (010059)* On the east side 
of the v a l i e y the top i s exposed i n a bush SB of Stang House, and 
also i n Dry G i l l (on the north side of the Faggergill f a u l t ) , shake 
holes occurring at i n t e r v a l s between the two. I n Dry G i l l (008053) 
the limestone immediately adjacent t o t h i s major f a u l t dips north 
at 35° , and i s dolomitised. On the west side of Shaw Beck there 
are no outcrops, and the limestone i s marked only by shake holes 
along i t s upper boundary. 
( i i ) Beds between the Main and L i t t l e Limestones 
(a) South side of the a n t i c l i n e , west of Stang 
The section i n Sleightbolme Beck upstream of the Stainmore 
Summit-North Spanham f a u l t exposes the beds between the Main and 
L i t t l e Limestones over a distance of 2 miles, the dip f o r the most 
part being s i m i l a r t o t h a t of the stream bed. Immediately over-
l y i n g the Main, a series of calcareous and sili c e o u s f o s s i l i f e r o u s 
mudstones form the bed of the beck f o r 450 yards above the f a u l t . 
These are also seen i n Hound Beck f o r 500"yards above i t s confluence 
with Sleightbolme Beck. These f l a t - l y i n g mudstones are no more 
than 20' t h i c k , however, and are succeeded by some 20* of shale which 
i s exposed i n the banks of Hound Beck south of Sleightholme Farm. 
Above t h i s , the Coal S i l l s come i n and the lower part i s continuously 
exposed i n Sleightholme Beck f o r a mile upstream from the farm. 
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As the section i s so long and tbe beds so v a r i a b l e l a t e r a l l y , i t i s 
d i f f i c u l t t o measure the thickness accurately, but the Lower Goal 
S i l l i s probably about 50* t h i c k here. There i s loose coal i n the 
banks, but i t could not be found i n s i t u . Just above the confluence 
of Dry G i l l and Frumming Beck, tbe Upper Coal S i l l i s exposed i n 
both streams where i t overlies 26 f of shale and i s no more than 20* 
t h i c k , the j u n c t i o n with the L i t t l e Limestone being w e l l seen. But 
i t i s very massive, and i n pa r t current bedded. These beds are 
d r i f t - c o v e r e d round the eastern end of Sleightholme Moor, but r e -
appear north of Beck Crooks, where tbe Upper Coal S i l l makes a good 
feature ( l i t t e r e d with blocks of massive sandstone) f o r % mile. 
The overlying L i t t l e Limestone i s i n f e r r e d from a small quarry sect-
i o n at the SW end of the feature (94-2074), where tbe massive sand-
stone becomes f o s s i l i f e r o u s at i t s very top. South of the road, 
Annaside Beck exposes 8' of massive sandstone (with a few worm casts) 
underlying the L i t t l e Limestone (941065), while i n i t s right-bank 
t r i b u t a r y , Lad G i l l , t h i s bed is"seen dipping downstream over a 
distance of"110 yards. I t i s a medium-grained sandstone, and here 
the worm casts are quite p l e n t i f u l , with occasional casts of 
fragmentary bracbiopods i n a d d i t i o n towards tbe top. Oberts above 
tbe L i t t l e Limestone are next seen, but the top 4-1 of the Upper 
Coal S i l l are repeated some 200 yards f u r t h e r upstream by a f a u l t , 
being easily recognised by the worm casts which ( i n t h i s area) are 
so c h a r a c t e r i s t i c of t h i s horizon, and also by the presence of the 
overlying L i t t l e Limestone. Eastwards across Leading Stead d r i f t 
covers the h i l l s i d e , but at i t s eastern end (955062) 5' Of wormy 
sandstone are exposed beneath tbe L i t t l e Limestone. "Southwards 
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from t h i s point the sandstone horizon i s not seen again, and probably 
dies out north of Roe Beck. 
NE of Arkle Beck, good exposures occur round Oleasby H i l l 
and Hoove. Just t o tbe south of the North Spanbam f a u l t , West 
Black Sike shows 7' of f o s s i l i f e r o u s shale overlying a l i t t l e i n l i e r 
of Main Limestone, above which come 25' of banded f l i n t y chert 
( i n c l u d i n g some t h i n l y bedded s i l i c e o u s mudstones i n tbe lower 7')* 
The chert (which i s also very w e l l seen i n B l l e r Beck and Bast Biack 
Sike) continues upstream f o r a considerable distance due t o i t s low 
n o r t h e r l y dip, to be l o s t eventually beneath the peat. South of 
Spanham Bast and West H i l l s , beds up t o the L i t t l e Limestone have 
been f a u l t e d against the Main Limestone. I n the south wall of 
Spanham Hush (009098) the section on tbe downthrow side of the 
f a u l t i s s -
L i t t l e Limestone and overlying cherts 
Massive sandstone 16* 
Flaggy sandstone 25' 
Sandy shale grading up i n t o shaley 
sandstone 7* 
Shale with bands of ironstone nodules 15' 
F l i n t y chert 7\ 
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Tbe Lower Coal S i l l bas died out between here and tbe upper 
reaches o f • B l l e r Beck, where i t i s seen beneath tbe western end of 
White Crag. The Upper Goal S i l l i s s t i l l w e l l developed, however, 
and can be mapped beneath t h e ~ L i t t l e Limestone between the two main 
f a u l t s , being exposed at i n t e r v a l s between East Black Sike and 
S c a r g i l l Beck. South of tbe South Spanbam-fault, the"chert over-
l y i n g tbe Main Limestone i s exposed i n many swallow boles SB towards 
Stang, and i n Black Gutter (009086) 2' of sil i c e o u s mudstone on 4' 
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of shale separate the chert from the limestone. A s i m i l a r section 
i s seen i n D o o r g i l l Head (015078), but i n the shake bole c a l l e d 
P r i e s t w i f e Pool (019075) 11 * of f o s s i l i f e r o u s shale and mudstone 
ov e r l i e the Main Limestone. Just t o the west of the Stang road 
(}£ mile SW of Stang quarry) the most easterly exposure of f l i n t y 
banded chert at t h i s horizon occurs i n a shake hole, where 3 1 of i t 
o v e r l i e s i l i c e o u s mudstone. To the east of t h i s , the Main Chert 
i s mainly comprised of si l i c e o u s limestone and mudstone. 
The Upper Coal S i l l , which forms the bold north-facing scarp 
of white Crag, i s very well exposed eastwards from Bleak How. The 
sandstone i t s e l f (massive, medium grained, very pale and i n places 
current-bedded) i s no more than 25' t h i c k , although i t holds up 
a feature between 3 and 4 times t h a t height. I t i s f o s s i l i f e r o u s 
at the very top, with casts of brachiopod fragments and l i t t l e 
c r i n o i d ossicles. The feature almost dies out i n t o d r i f t east of 
East Black Sike, but reappears beyond Black Gutter (where i t i s 
covered with loose somewhat flaggy sandstone), and although not so 
strong, sweeps round Cold Brow. 300 yards NW of D o o r g i l l Head 
(013080) the feature dies out again ( t h i s time n o t " i n d r i f t ) and a 
section 200 yards SW of the swallow bole (014073) reveals only 3 f 
of f o s s i l i f e r o u s carbonaceous micaceous sandstone. This i s the 
l a t e r a l equivalent of part of the massive sandstone which formed 
White Crag, and marks the feather edge of the Upper Coal S i l l , the 
lower one having died out f u r t h e r NW. South of the watershed, 
another i n t e r e s t i n g exposure occurs i n Hurr G i l l , on the SE^or 
upthrow side of the f a u l t (011066), where 15' of dark f o s g i l i f e r o u s 
shale (very s l i g h t l y sandy and micaceous i n p a r t ) underlie the L i t t l e 
Limestone. This i s v i r t u a l l y beyond the l i m i t of the Coal S i l l s 
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d e l t a , tbe arenaceous material being barely detectable i n band 
specimen. 
Across tbe soutb side of Hoove tbere i s no s o l i d rock, but 
i n tbe Faggergill v a l l e y further" i n t e r e s t i n g exposures occur. 
Along tbe east side, and across tbe bead of tbe v a l l e y as f a r as a 
shake hole 300 yards MB of Ovening Nick, the chert horizon overlying 
the Main Limestone can be traced. I t i s between 2' and 4* t h i c k , 
and i s of tbe f l i n t y banded type seen f u r t h e r north. I t i s separated 
from tbe limestone by at leas t 7 f of shale and mudstone. Across 
tbe head of the v a l l e y , the Upper Coal S i l l shows w e l l i n Carkin 
Bank and Faggergill Scar. A section i n tbe l a t t e r (993077) showed 
tbe sandstone t o be 30' t h i c k , including the f l a g s at the base. 
But 4-00 yards SB, i n Black Sike, tbe section i s : -
Sandstone, flaggy i n p a r t , with many worm casts 
up to 5' i n length (Plate 8A, p.135), L i t t l e 
Limestone over 12* 
Sandy shale grading up i n t o shaley sandstone 8' 
Black shale, with bands of ironstone nodules 30 ! 
50' 
The sandstone has thinned r a p i d l y and (as can be seen from 
tbe features) continues t o do so soutb of t h i s section, so t h a t 
at the south end of Shivery Scar (250 yards away) i t has gone 
altogether and the L i t t l e Limestone rests on shale as i n Hurr G i l l . 
On tbe west side of"tbe Faggergill v a l l e y , tbe most easterly 
exposure of the Coal S i l l s Marine Band occurs i n Blind G i l l (986076), 
where i t i s 5' t h i c k ( i n c l u d i n g a 2' shale band i n tbe middle). 
I t overlies a t h i c k shale, t h i s p o i n t being beyond the l i m i t of the 
Lower Coal S i l l , and i s a very muddy f o s s i l i f e r o u s limestone. I n 
t h i n section i t i s seen t o consist of many bracbiopod fragments set 
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i n a matrix of dark brown, somewhat calcareous, argillaceous material, 
i n which i s a very variable proportion of small angular quartz 
grains, as high as 15% i n parts of the s l i d e . The only other 
exposure of t h i s band (apart from that i n Sleightbolme Beck) i s on 
High Seavy Rigg, to the north of Oleasby H i l l (974089),"where 12" 
of the same rusty-weathering argillaceous limestone i s seen r e s t i n g 
on shale i n a l i t t l e g utter. Westwards from Blind G i l l , up t o 101 
of shale overlying the Main Limestone are seen" i n swallow holes, with 
the exception of one behind Ravens Park (972069), where a t h i n 
calcareous mudstone band has "developed some 3' above the top of the 
limestone. The authors of the Mallerstang memoir record 5 or 6 f e e t 
of chert here, separated from the Main by a fo o t of shale (p.118), 
but no sign of chert could be found anywhere near Ravens Park. 
The Upper Coal S i l l can be traced SW from the head" of the 
Faggergill valley"by means of an i n t e r m i t t e n t feature and scattered 
massive sandstone blocks as f a r as Seavy Hole, about % mile away. 
Beyond t h i s , round Baxton Knab (98.0068), there i s no sign of i t f o r 
some 500 yards (apart from an i s o l a t e d outcrop of flaggy sandstone), 
but i t becomes prominent again due south of the top of Oleasby 
H i l l t o make an excellent feature (on which are many outcrops) round 
onto the west side of the h i l l . So on Baxton Knab there i s yet 
another p o s i t i o n f o r the edge of the delta which deposited the 
Upper Goal S i l l . Above Ravens Park the sandstone i s massive (coarse 
towards the top) and about 25' t h i c k . % mile to the NW the feature 
i s dropped down 30' by the f a u l t running" through Rough to n Keld, north 
of which there i s no d i f f i c u l t y i n f o l l o w i n g the Sandstone" along 
Brown Edge and Bleakbow Edge i n t o White Crag. I n Long Gutter, 
beneath Brown Edge (969085), the most southerly exposure of the 
Worm t r a i l s on a bedding s u r f a c e of the Upper Coal 
S i l l , B l a c k S i k e ( F a g g e r g i l l ) . 
B l a c k S c a r , Sleigbtholme Beck. The top of tbe l a i n 
Limestone i s i n the foreground, and i s o v e r l a i n by 
tne "Tumbler Beds". The bottom of tbe Lowe? Coal 
S i l l appears a t the top of tbe s c a r to the l e f t . 
Lower Goal S i l l occurs, where i t i s flaggy and interbedded with shale. 
To tbe north and NE i t forms a low feature round Garded H i l l and Low 
Seavy Eigg (on which are scattered sandstone blocks), and i s exposed 
again beneath Redwell Springs, i n the upper reaches of E l l e r Beck 
(982092), where i t i s flaggy and ripple-marked. Eastwards from 
there i t i s not seen again, and i s d e f i n i t e l y absent 1% miles away 
i n Spanham Hush. 
(b) North f l a n k of the a n t i c l i n e 
North of the Stainmore Summit-North Spanbam f a u l t , Sleightholme 
Beck affords excellent exposures of the Main Limestone-Little 
Limestone i n t e r v a l . I n Black Scar, lyi miles" upstream from the 
confluence with tbe Greta" (965113»'Plate 8B, p.135), i ^ e section i s : -
Massive sandstone of tbe Lower Coal S i l l , d r i f t over 10' 
Flaggy sandstone with sbaley partings 22' 
Shale " 30* 
F o s s i l i f e r o u s s i l i c e o u s mudstone, good band of 
Lingula squamiformis near top 7'6" 
Shale 1»6" 
Dark s i l i c e o u s mudstone, with shale partings 6' 
77' 
Tbe upper si l i c e o u s mudstone band also contains pla n t remains, 
small lamellibrancbs, and occasional orthocone n a u t i l o i d s and 
s p i r i f e r s , so tbe lower part of t h i s section i s probably an estuarine 
deposit, with a l t e r n a t i o n s between j u s t marine and j u s t fresh-water 
conditions. From a point % mile f u r t h e r upstream, tbe Lower Coal 
S i l l i s w e l l exposed i n the r i v e r f o r some 350 yards and"is seen t o 
be l a r g e l y current-bedded with some sbaley partings. Above t h i s 
come some 40' of shale with l e n t i c u l a r sandstone beds i n i t s lower 
p a r t , and containing a 14" f o s s i l i f e r o u s calcareous mudstone (tbe 
Coal S i l l s Marine Band) some 15* above i t s base, which i s exposed 
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i n the hanks t o the NW of Bar Gap (958108). I n Bog Scar, nearby, 
the section i s : -
Massive sandstone, current-bedded 15' 
Flaggy sandstone 17' 
Dark shale 20* 
52 V 
The sandstone members of t h i s section c o n s t i t u t e the Upper 
Coal S i l l , which i s ov e r l a i n by the L i t t l e Limestone ( w e l l exposed 
at the top of the scar). No coal i s seen i n s i t u anywhere i n t h i s 
section, but 400 yards NB of Bar Gap coal i s present i n the loose 
material i n the sides of a l i t t l e g i l l flowing north i n t o Sleightholme 
Beck, and t h i s may have come from the top of the Lower Coal S i l l . 
When these beds are traced round from Black Scar"towards 
Bowes, s t r i k i n g changes take place. 600 yards north of Black Scar, 
i n the east bank of the beck (966118), 3 ,6" of banded f l i n t y chert 
are seen overlying the siliceous mudstone, and i n H u g g i l l , 1500 yards 
f u r t h e r KB (977125), the section i s : -
Sandstone, with shaley sandstone partings 15• 
Non-marine shale and sandy shale 15' 
Banded f l i n t y chert 22'» 
A l t e r n a t i n g shale and mudstones on Main Limestone 18' 
70' 
The upper part of t h i s section i s undoubtedly the Lower Ooal 
S i l l and i t s underlying shale. The shale and mudstones at the base 
are s i m i l a r t o those i n Black Scar, and can r e a d i l y be correlated 
with them. This leaves" the chert, t o t a l l y unrepresented i n Black 
Scar (only 1 mile away), t o be f i t t e d i n , and as i t s feather edge i s 
a c t u a l l y seen r e s t i n g on si l i c e o u s mudstone t o the north of the scar, 
i t must be supposed t h a t i t overlies t h a t horizon and passes l a t e r a l l y 
i n t o the lower p a r t of the shale which underlies the Lower Ooal S i l l 
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i n Black Scar. The "best exposure of t b i s very bard banded f l i n t y 
cbert (the petrography of which i s described i n Chapter 9) i s i n 
Chert G i l l (987118, Plate 9A., p. 139), where 26 • of i t are w e l l seen. 
I t o v e r l i e s ' a l t e r n a t i n g shale and mudstones (qu i t e d i s t i n c t from 
the limestone proper) as i n H u g g i l l , but the beds above i t are ob-
scured by h i l l peat. A steep north-facing feature runs across the 
south side of Gilmonby Moor f o r about % mile (disappearing i n t o d r i f t 
e i t h e r end) on which are many large blocks o f massive sandstone. 
This i s thought t o be an o u t l i e r of the Upper Coal S i l l , the sandstone 
being very s i m i l a r l i t b o l o g i c a l l y t o t h a t i n White Crag, a mile t o 
the south. 
On the north side of the River Greta the chert i s seen i n 
several sections near the confluence with Sleigbtbolme Beck. I n 
S e a l g i l l (974132) the succession i s : -
Sandstone with sbaley sandstone partings, the 
Lower Coal S i l l 15' 
Shale grading up i n t o sandy shale 7' 
Gap 7 T 
Banded f l i n t y chert 19* 
A l t e r n a t i n g shale and mudstones, on Main 
Limestone 
Eastwards from here the chert i s not seen again, and must die 
out as quickly as i t came i n . The Upper Coal S i l l i s e x c e l l e n t l y 
exposed i n C l i n t quarries (above the road % mile west of Bowes) where 
i t i s capped by the L i t t l e Limestone. But d r i f t cover obscures the 
beds above the Main Limestone everywhere" between there and the Tees 
except f o r i s o l a t e d non-marine shale and sandy shale exposures i n 
the upper reaches of T h o r s g i l l Beck. Fortunately the Mount Pleasant 
bore has supplied a section for" t h i s p a r t , which reads as fo l l o w s : -
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Coarse uniform light-brown g r i t , t h i c k boulder 
clay over W 
Banded sandy shale with plants 8| 
Finely laminated blue shale with plants 29^6" 
Soft dark shale on Main Limestone 25*6" 
106' 
I t i s noticeable that here both the a l t e r n a t i n g shales and 
mudstones and the banded cherts of f u r t h e r west and SW are represented 
only by shale, i l l u s t r a t i n g the rapid l a t e r a l changes'which take 
place i n these beds immediately overlying the Main Limestone. This 
i s f u r t h e r emphasised by the section i n the Tees at Egglestone Abbey 
(062152), where only a t h i n shale separates the Main Limestone from 
a series of a l t e r n a t i n g flaggy sandstones and sandy shales which 
outcrop upstream towards Barnard Castle. 
The beds overlying" the Main Limestone are again seen immediate-
l y downstream from the Tees-Greta confluence, where a combined 
section from Cross Berry Plantation and the opposite bank shows the 
succession t o be:-
Calcareous sandstone passing up i n t o the L i t t l e 
Limestone, r i v e r gravel over 4' 
Sbaley and p a r t l y carbonaceous sandstone 9' 
Mainly shale 40* 
Very r a p i d l y a l t e r n a t i n g non-marine sandy 
shales and shaley sandstones 50* 
Shales . 19' 
Mudstone 4" 
Shale on Main Limestone 8 n 
123 1 
I t i s evident t h a t here the Coal S i l l s are very much broken 
up by shale bands, and are i n the process of dying out. And i n 
Thorpe Scar (# mile f u r t h e r east) there i s a s i m i l a r section. But 
1 % miles BSE from Thorpe Scar the Wycliffe bore has proved 94' of 
s o f t dark grey and very uniform shale l y i n g on the Main Limestone 
without any sign of arenaceous material. The shale i s generally 
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A. The Main Chert i n Chert G i l l . The bedding i s 
u n u s u a l l y c l e a r i n t h i s s e c t i o n . 
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B. The top of the L i t t l e Limestone i n White Stone G i l l , 
Sleightholme Moor. The p a r t i a l l y c h e r t - f i l l e d 
tubes (probably a n n e l i d b o r i n g s ) and the t h i n c h e r t 
capping weather out s t r o n g l y . 
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poorly f o s s i l i f e r o u s , but i s marine and, unlike t b a t at Mount 
Pleasant, must a l l bave been deposited beyond tbe l i m i t s "of tbe 
Coal S i l l s delta. SE from bere, there i s no f u r t h e r evidence of 
any of the beds between the Main and L i t t l e Limestone on the north 
side of the a n t i c l i n e . 
( i i i ) Tbe L i t t l e Limestone and overlying beds 
(a) South side of tbe a n t i c l i n e , west of Stang 
Tbe type exposure of the L i t t l e Limestone f o r the purpose 
of the present work i s i n Dry G i l l or White Stone G i l l (929090), 
where i t s f u l l thickness of 7' i s seen '750 yards upstream from the 
confluence with Prumming Beck'. I t i s a compact grey limestone, 
s l i g h t l y sandy i n i t s lower part (noticeable on weathered surfaces), 
with small but numerous c r i n o i d fragments. The upper part i s 
characterised by numerous i r r e g u l a r cherty tubes, more or less 
v e r t i c a l , which coalesce i n the top 4" or so to form a band of chert, 
and which continue downwards f o r as f a r as 18" i n t o the limestone, 
g e t t i n g progressively less s i l i c e o u s with depth (Plate 9B, p.139 )• 
The tubes are somewhat va r i a b l e i n diameter, but'^"-^ 1 1 i s quite 
t y p i c a l . A t h i n section of one of these tubes revealed up t o 20% 
of angular quartz grains of a l l sizes up to 2/3 mm. across, with 
scattered plagioclase and zircon grains, set i n a matrix of f i n e l y 
c r y s t a l l i n e c a l c i t e ( w i t h c r i n o i d and bracbiopod fragments) and 
i s o t r o p i c pale brown opaline s i l i c a i n which occasional very small 
rhombs of r e c r y s t a l l i s e d carbonate occur. P y r i t e i s disseminated 
throughout tbe s l i d e i n small patches. These tubes, which weather 
out quite strongly, must have been formed' soon a f t e r deposition of 
the limestone (probably by some boring organism such as an annelid) 
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and f i l l e d up by the succeeding s i l i c e o u s sediment. The.cberty 
tubes are very constantly developed at t h i s horizon over an area 
of several hundred square miles, and have been used as a clue t o the 
i d e n t i t y of the L i t t l e Limestone as f a r south as Wensleydale (but 
see Chapter 7)» 
I n both Dry G i l l and Frumming Beck the L i t t l e Limestone i s 
succeeded by a series of platey s i l i c e o u s mudstones, calcareous 
shales and siliceous limestones ( a l l of them f o s s i l i f e r o u s t o a 
greater or lesser extent) about 35' i n thickness, and above which 
come some 50' of shale (with two t h i n s i l i c e o u s limestone bands i n 
the lower 20*) below the Ten Fathom G r i t . The series of s i l i c e o u s 
deposits overlying the L i t t l e Limestone has been named the Richmond 
Chert Series, a f t e r the"very w e l l developed cherty limestones of 
lower Swaledale at t h a t horizon, and these beds on Sleightbolme Moor 
are therefore members of t h a t series. Very c h a r a c t e r i s t i c of the 
series are Cauda G a l l i markings on the partings, which generally 
take the form of low concentric ridges running across the surface, 
very v a r i a b l e i n size and extent, at f i r s t s ight s i m i l a r t o the • 
traces which seaweed swirled by a current might make on a s o f t 
surface. These markings are caused by complicated sedimentary 
structures of unknown o r i g i n (described i n Chapter 9) which have not 
been observed during the present survey i n any quantity beneath the 
L i t t l e Limestone. Cauda G a l l i markings are p a r t i c u l a r l y w e l l de-
veloped i n the Richmond Cherts i n Dry G i l l . 
SE from Frumming Beck the beds above the L i t t l e are peat-
covered over the watershed, but loose pieces of s i l i c e o u s limestone 
were found above the feature of the Upper Coal S i l l north of Beck 
Crooks, although the L i t t l e i t s e l f i s not seen. I n Lad G i l l to the 
south (94-3063), the lowest 5' of the Richmond Cherts are separated 
from the Upper Coal S i l l by a 4' gap. But 200 yards further up-
stream a f a u l t repeats t h i s part of the section, which now reads:-
Massive false-bedded sandstone of the Ten Fathom G r i t 
Shale, becoming sandy towards the top 16' 
F o s s i l i f e r o u s s i l i c e o u s limestone, with Cauda G a l l i 27' 
L i t t l e Limestone, sandy lower part, cberty top 2" 1*10" 
Upper Coal S i l l 
Eastwards across Leading Stead, d r i f t covers the h i l l s i d e , 
but at i t s eastern end the Ten Fathom G r i t (which must be well over 
50' t h i c k ) makes a feature which i s followed round to Roe Beck. An 
i s o l a t e d exposure 250 yards WNW of Swanasit quarry (954062) shows 8 H 
of sandy limestone (the L i t t l e ) o v e r l a i n by loose s i l i c e o u s limestone 
and r e s t i n g on an attenuated Upper Coal S i l l . 
On the east side of Arkengartbdale Head, the L i t t l e Limestone 
has been mapped most of the way round Cleasby H i l l and Hoove. I t 
i s exposed on the east side of Bleak How, above the western end of 
White Crag (980090), and makes a small feature about 10 yards back 
from the top of White Crag f o r much of i t s length. SW from Doorgill 
Head the feather edge of the Upper Coal S i l l i s o v e r l a i n by a t h i n 
brown clay (probably a f o s s i l s o i l ) and i n Hurr G i l l (011066) t h i s 
c l a y i s seen again, overlying shale, but here contains blocks of sandy 
limestone up to 15" t h i c k which are undoubtedly erosion remnants of 
the L i t t l e (which presumably has been completely removed from the 
former s e c t i o n ) . Along the east side of the F a g g e r g i l l v a l l e y the 
L i t t l e Limestone i s mapped at the base of a feature formed by the 
Richmond Cherts ( i n the absence of the Coal S i l l s ) and i s well seen 
i n Black Sike (995073), where i t i s 3 1 t h i c k and apparently a good 
142 
grey c r y s t a l l i n e c r i n o i d a l limestone. A t h i n section shows many 
small foraminifera, together with brachiopod and cr i n o i d fragments, 
set i n c r y s t a l l i n e c a l c i t e , but includes about 20% of angular quartz 
grains of a l l s i z e s up to 2/3 mm. i n diameter, with occasional plag-
i o c l a s e , z i r c o n and mica. Beyond t h i s , round to Bleak How, the 
L i t t l e i s not exposed again, but there i s no reason to suppose that 
i t i s not present. 
The Richmond Chert Series forms a wide outcrop on Paggergill 
Moss (the saddle between Cleasby H i l l and Hoove) where s i l i c e o u s 
limestone emerges from the peat cover i n Great Poster H i l l (990084), 
but a l l round the south and west sides of Cleasby H i l l the peat bides 
t h i s horizon. To the north, however, there are numerous exposures. 
A l i t t l e quarry i n the side of Tarnhow H i l l (976087) exposes 3 1 of 
s i l i c e o u s limestone with c r i n o i d o s s i c l e s , productids and Hya l o s t e l i a 
anchoring spicules on 2' of white chert, beneath which are 3 1 of 
streaky s i l i c e o u s limestone. This white chert band can be followed 
round Long Rigg and Green H i l l to the SW, and i s present i n many 
sections i n the upper part of the s e r i e s south-eastwards i n the 
di r e c t i o n of Richmond. I t i s p a r t i c u l a r l y well seen i n the neigh-
bourhood of Marske, and i t has proved to be the only bed within the 
Richmond Cherts which can be followed over any distance, being most 
useful as a horizon marker. I t i s very e a s i l y recognised by i t s 
colour, and has been mapped over many miles of outcrop. Around 
Hoove, s i l i c e o u s limestone's (some with Cauda G a l l i ) are seen at i n t e r -
v a l s along the north si d e , but SS of Doorgill Head (where the Coal 
S i l l s die out) the Main Chert and the Richmond Chert Series come 
together i n one t h i c k s e r i e s between the Main Limestone and the shale 
underlying the Ten Fathom G r i t , and are i n d i v i s a b l e except i n those 
sections where the L i t t l e Limestone can be recognised within the 
s e r i e s . I t i s these beds which are dealt with i n section ( i v ) of 
t h i s chapter. 
SB of Hoove the liarske white chert band i s seen again i n 
Rowantree G i l l (012064), where i t o v e r l i e s a s e r i e s of SB-dipping 
cherty limestones. I n Hurr G i l l 10' of calcareous shale and s i l i c e o u s 
limestone are seen on the erosion surface above the L i t t l e , above 
which are 20' of shale o v e r l a i n by more s i l i c e o u s limestone. North 
of the f a u l t some 50* of shale underlie the Ten Fathom G r i t . South 
of Hoove there are no exposures, but on the west side the Richmond 
Cherts are w e l l seen, and i n Black Sike the L i t t l e i s o v e r l a i n by 
25' of s i l i c e o u s limestone, streaky chert and calcareous shale. 
I s o l a t e d outcrops of these beds continue upstream f o r a considerable 
distance, however, and the s e r i e s i s probably here over twice t h i s 
thickness. 
Oleasby H i l l i s capped by the Ten Fathom G r i t , which makes a 
good feature on a l l sides except the NB (which i s peat covered). I t 
i s seen as blocks of massive false-bedded sandstone on the feature. 
Around Hoove the Ten Fathom G r i t makes a strong feature on a l l except 
the south side, and i n E l s e y Crag (004080), on the north side, makes 
a bold s c a r some 45* high, the massive sandstone becoming coarse to-
wards the top. At various places around Hoove ( j u s t below i t s f l a t 
peat-covered top) fragments of f o s s i l i f e r o u s cberty limestone can be 
picked up at the top of a feature formed by the upper part of the Ten 
Fathom G r i t , i n d i c a t i n g that the Crow Limestone i s present. The 
limestone i t s e l f i s seen once only, i n a l i t t l e gutter on the NW side. 
Elsewhere loose pieces of the overlying chert s e r i e s (very s i m i l a r to 
the Richmond Chert S e r i e s ) are the only evidence for i t . 
(b) North Flank of the a n t i c l i n e . 
Immediately north of the Stainmore Summit-North Spanham f a u l t 
the L i t t l e Limestone i s well seen i n both banks of Sleightholme Beck. 
The east bank s e c t i o n (958107) shows 5» of grey s l i g h t l y sandy L i t t l e 
Limestone (with moderately well developed tubes running down from 
i t s cberty top) r e s t i n g on the massive Upper Coal S i l l . Above t h i s 
some 8' of the Richmond Chert Series are present i n the top of the 
bank. North of the Greta there are tr a c e s of the L i t t l e Limestone 
at the top of C l i n t quarries (NW of Bowes) and i n Thornberiy quarry, 
1% miles ENE of Bowes, very weathered s i l i c e o u s limestones and 
calcareous shales of the Richmond Chert S e r i e s are seen. The next 
exposure of the L i t t l e Limestone east of t h i s i s i n Thorpe Scar 
(096144), nearly 5 miles away, i n the south bank of the Tees. Here 
the L i t t l e i s 3' th i c k , and i t s base i s a passage through calcareous 
sandstone from the top of the Coal S i l l s . The limestone i s c r i n o i -
d a l , but rather sandy, and i s brown, having been p a r t l y dolomitised. 
I t i s over l a i n by at l e a s t 20» of calcareous shales and s i l i c e o u s 
limestones with Cauda G a l l i , which are c a r r i e d down into the r i v e r 
by the northerly dip but which, beyond the bend, outcrop i n the bed 
of the r i v e r f or 1% miles downstream as f a r as the base of Howbury 
Scar (121144) due to the dip then being predominantly across the 
stream. The dip i s very v a r i a b l e , however, and the beds undulate 
considerably, but the same horizon i s constantly reappearing. Most 
of the exposures are i n the south bank, and across the r i v e r up to 54 
of shale overlying the chert s e r i e s are seen. This shale i s p a r t l y 
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marine, f l a t t e n e d c r i n o i d o s s i c l e s being abundant i n the lower 15 
occasionally accompanied by productids and s p i r i f e r s . The base of 
the overlying Ten Fathom G r i t i s seen above Wborlton Bridge (106146), 
and a l s o i n Howbury Scar. Beyond the l i m i t s of the map, the Tees 
s e c t i o n exposes the Ten Fathom G r i t as f a r downstream as Ovington 
(132149), where i t i s o v e r l a i n by the Grow Limestone and Chert. 
The Thorpe Scar exposure i s the most ea s t e r l y one on the north 
f l a n k of the a n t i c l i n e where the L i t t l e Limestone i t s e l f i s v i s i b l e , 
but the overlying chert s e r i e s can be traced some way fu r t h e r east. 
On e i t h e r side of the Vicarage cross-roads, north of Hutton Magna 
(127128), quarry sections reveal up to 15* of cberty limestone with 
i r r e g u l a r argillaceous streaks, i n a small d r i f t - f r e e patch. And 
% mile SB a small quarry at Hutton F i e l d s (135H7) exposes 9' of 
s i l i c e o u s limestone and calcareous shale. There i s a comparatively 
large d r i f t - f r e e patch on the h i l l north of l a s t Layton quarry, where 
up to 32'6" of s i m i l a r beds were measured, a l l of which belong to 
the Richmond Chert S e r i e s . They are highly f o s s i l i f e r o u s , contain-
ing many f l a t t e n e d c r i n o i d o s s i c l e s , bundles of Hyalostelia anchoring 
s p i c u l e s , and many fragments of brachiopods. The dips are very 
v a r i a b l e , and east of t h i s patch only occasional outcrops, widely 
separated, appear from beneath the d r i f t , i t not being possible to 
continue the mapped outcrop of the s e r i e s with any accuracy. SW of 
the Forcett f a u l t 18' of s i l i c e o u s limestone i n H e r g i l l quarry 
(176110) can d e f i n i t e l y be assigned to t h i s horizon, however. A 
s t r i k i n g feature here are the l e n t i c l e s of coarse c r i n o i d a l limestone 
(up to 1' t h i c k and many yards long) which occur interbedded with the 
cberty limestones, and which are so much more common on the south 
side of the a n t i c l i n e . Two quarries into s i l i c e o u s limestone i n 
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Stanwick Park are probably i n the Richmond Oherts, but eastwards, 
i n and around Aldbrough, chert exposures may belong e i t h e r to that 
s e r i e s or to the one above the Grow Limestone (which i s very s i m i l a r 
i n l i t b o l o g y ) . 
( i v ) Beds above the Main Limestone on the south side of the a n t i c l i n e , 
east of Stang 
Along, the southern part of the map, east of Stang, the 
Richmond Chert Series reaches i t s maximum development, and except i n 
those sections where the L i t t l e Limestone i s i d e n t i f i a b l e , i s i n -
separable from the underlying Main Chert (here of s i m i l a r l i t h o l o g y ) 
because of the t o t a l absence of the Coal S i l l s . 
On the west side of the road north of Stang Pass, the most 
ea s t e r l y exposure of f l i n t y chert i n the Main Chert i s seen. Bast 
of the road t h i s horizon i s comprised of mudstones, calcareous shales 
and s i l i c e o u s limestones, the lower 10' of which are exposed i n 
Rowantree Hole (023071). S i l i c e o u s streaky limestones are seen i n 
shake holes eastwards and over the watershed as f a r as the bead of 
Black Sike (032071). Southwards, i n Arndale Beck, the Ten Fathom 
G r i t i s seen near the confluence with Black Hag (025063) as blocks 
of massive sandstone, which also occur on Arndale'Hill. An exposure 
of 2» of decomposing streaky s i l i c e o u s limestone of the Richmond Chert 
S e r i e s 500 yards further downstream i s f a u l t e d against more massive 
sandstone of the Ten Fathom G r i t , the l a t t e r being seen f or a fu r t h e r 
600 yards. A t h i n shale band about 5» th i c k then separates the sand-
stone from the underlying chert s e r i e s , which i s almost continuously 
exposed i n the beck over the next % mile as f a r as i t s base on the 
Main Limestone, the L i t t l e Limestone not being i d e n t i f i e d . The 
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Marske band was picked up on both sides of the v a l l e y at i n t e r v a l s , 
not f a r below the top of the s e r i e s . The beds are extremely variable 
i n litbology, and are a l l more or l e s s s i l i c e o u s apart from pale 
coarse c r i n o i d a l limestones (common i n the upper p a r t ) which are 
undoubtedly l e n t i c u l a r bodies. F o s s i l s , mainly fragmentary, are 
abundant throughout, bundles of H y a l o s t e l i a anchoring spicules (often 
exceeding 2* i n length) being very common, p a r t i c u l a r l y i n the upper 
part, where they are c h a r a c t e r i s t i c of the Richmond Chert Se r i e s . 
Above Arndale Hole (053060) these beds are very well seen i n the 
following section:-
S i l i c e o u s shaley limestone with abundant Hya l o s t e l i a and 
occasional p y r i t e nodules, enclosing many small llme-
stone l e n t i c l e s ( H a t e 10A, p. 157) 16 1 
Mainly s i l i c e o u s shaley limestone, H y a l o s t e l i a i n 
upper 10 f 50' 
S i l i c e o u s limestone and mudstone, some dark chert 
bands, probably Main Chert 20 1 
. . 86» 
but again the L i t t l e Limestone i s not distinguishable. Away from 
the slopes of the v a l l e y , h i l l peat i s very widespread and exposures 
very poor. But there i s enough evidence from loose material i n 
gutters i n the peat to be able to map the chert s e r i e s r i g h t over 
Holgate Moor and a l l except the western end of Kexwitb Moor, to the 
south of which Moresdale G i l l provides a useful section. Here, 
immediately overlying the Main Limestone (038047), come a s e r i e s of 
s i l i c e o u s mudstones, calcareous shales and s i l i c e o u s limestones i n a 
sect i o n spread over a distance of 750 yards. 4 1 of grey limestone 
with a cherty top (from which a few differentially-weathering tubes 
run down into the limestone) o v e r l i e these beds, some 30* above the 
Main. This i s probably the L i t t l e Limestone, which would here give 
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the Main Chert a thickness of 30'. The s i l i c e o u s limestones of 
the Richmond Chert S e r i e s overlying t h i s show well developed Cauda 
G a l l i , and probably exceed 75' i n thickness. The Marske Band, 
underlain by a t h i n bed of c o r a l s , was seen a short distance from 
the top at Moresdale Head (027051), where a tough 4 f chert band caps 
the s e r i e s , and i s separated from the massive false-bedded sandstone 
of the Ten Fathom Gri t by no more than 2' of shale. 
South of the Faggergill-Waitgate f a u l t there i s a very good 
section i n Holgate Beck which, between Goat's Bridge and Helwith, 
exposes the f u l l thickness of the chert s e r i e s , here about 100'. 
The dip i s v a r i a b l e , but predominantly southerly, and the Marske Band, 
e a s i l y followed along both sides of the v a l l e y , i s c a r r i e d down from 
a height of 1050' O.D. above Holgate (067040) into the bed of the 
beck at 750' O.D. by the confluence of Holgate and Shaw Becks (.073028). 
The band (about 4' t h i c k ) i s exposed i n Helwith Bank and'along'the 
eastern side of Pattison P l a i n as f a r as the bead of Thrin G i l l 
(079038), thus bounding on 3 sides the area of Pattison P l a i n , 
l a r g e l y a dip slope i n the beds overlying t h i s chert band. Small 
shallow quarries into a l e n t i c u l a r coarse pale c r i n o i d a l limestone 
band here have yielded much of the walling material f o r t h i s slope, 
and several good specimens of Woodocrinus were obtained from these 
wa l l s . At the northern end of the P l a i n , loose sandstone i s present 
i n the peat cover on S a i l How, and a small o u t l i e r of the Ten Fathom 
Gr i t has been mapped. A useful section i n Holgate Beck, a t the 
eastern end of Shaw Tongue (071032), exposes:-
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Ten Fathom G r i t , Crow Limestone and Chert over 45' 
Mainly shale 20' 
S i l i c e o u s limestones 25' 
Marske white chert band 4' S i l i c e o u s limestones and calcareous shales, to beck 12' 
while i n a l i t t l e gully i n the north bank of Shaw Beck, j u s t 
upstream from the f a u l t running up onto Shaw Tongue (069029), the 
section i s : -
Oherty s i l i c e o u s limestones, peat over 14' 
Marske white chert band 2'6" 
Shaley s i l i c e o u s limestones, with i r r e g u l a r 
c r i n o i d a l limestone bands and lenses 32' 
Calcareous shale 7 1 
C r i n o i d a l limestone, i r r e g u l a r l y bedded, with 
chert nodules 11* 
Calcareous shale 3 1 
Streaky s i l i c e o u s limestone 4' 
Thickly bedded impure c r i n o i d a l limestone 16' 
Gap to Main Limestone 20' 
109 t6 r t 
The Marske Chert i s here some 95* above the top of the Main 
Limestone. North of Shaw Tongue the chert band makes a closed 
outcrop i n Skegdale Beck, j u s t below the bridge (where the under-
l y i n g coral bed i s again seen), and i n Shaw Beck i t i s c l e a r l y exposed 
on both sides of the v a l l e y as f a r up as the Shaw Vein. I t sometimes 
s p l i t s into two leaves which are separated by as much as 4*6" of 
s i l i c e o u s limestone. A good exposure of the underlying c o r a l band 
occurs north of Prys House (065025), where i t i s 2' th i c k and separated 
from the chert by 3 1 of s i l i c e o u s limestone. H y a l o s t e l i a i s abundant 
i n the upper part of the s e r i e s beneath the Marske band. 
I n Roan Beck, above the Green Dragon Inn at Hurst, the Ten 
Fathom G r i t i s exposed south of Roan House (048029), where i t i s 
p a r t l y current-bedded. A coal seam i n i t s upper part has been worked, 
and i s s t i l l v i s i b l e i n an old l e v e l at the north end of Roan Hush 
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(G46050). Upstream from here, only peat i s seen as f a r as Roan 
Head, where an o u t l i e r of pebbly Millstone G r i t i s exposed. Just 
north of Roan House, however, a small feature marks the base of the 
Crow Limestone, and the overlying chert i s seen i n an old quarry 
120 yards HE of the ruin. 
South of Shaw Beck the Ten Fathom G r i t i s seen at i n t e r v a l s 
s k i r t i n g the north side of Skelton Moor. ESE of Erys House the Shaw 
Vein throws i t against the Main Limestone along a l i n e of old work-
ings, but EE from the f a u l t i t s base makes a bold feature on which 
massive sandstone i s exposed. 300 yards EHE of J r y s House t h i s 
sandstone i s unusual i n that the l i t t l e spots which commonly give the 
rock a speckled appearance are here of haematite instead of limonite. 
On Skelton Moor, south of Shaw Vein, the Marske Band was i d e n t i f i e d 
i n two i s o l a t e d exposures, but there i s i n s u f f i c i e n t evidence there 
on which to map i t . To the SE, however, i n Moor House G i l l (088013), 
i t i s well seen again f o r about 300 yards on e i t h e r side of the 
f a u l t . The base of the chert s e r i e s i s exposed along T e l f i t Bank, 
where i t r e s t s d i r e c t l y on the Main Limestone, but for the most part 
the exposures of the Richmond Cherts are i s o l a t e d and dips v a r i a b l e , 
the Marske Band often providing the only clue as to the p o s i t i o n i n 
the s e r i e s . 
To the east of Marske Beck and Waitgate G i l l the r e l a t i v e l y 
f l a t tops between the v a l l e y s are a l l i n the Richmond Chert S e r i e s . 
Two small o u t l i e r s straddle Snaiza G i l l (the overflow channel between 
the bead of Dalton Beck and Rake Beck), where they occupy the s i t e 
of a small shallow basin, the dip being inwards round t h e i r margins. 
South of t h i s a wide outcrop stretches along the h i l l tops between 
P 
"ft J i 
•i 
151 
Gayles Moor and Marske. I t s base over the northern part i s marked 
by a number of shake holes into the Main Limestone, i n many of which 
s i l i c e o u s limestone and calcareous shale are seen. Bands of more 
pure limestone occur within the s e r i e s and may l o c a l l y form features 
across the peat-covered moor, but they are a l l l e n t i c u l a r bodies and 
no single one can be traced for f a r . South of Waitgate there are 
many exposures of the s e r i e s along the east side of the v a l l e y , at 
l e a s t 80' separating the Marske Band from the top of the Main Lime-
stone. The lithology i s extremely v a r i a b l e , and here includes t h i n 
black chert bands i n some of the calcareous shale horizons. I n 
Dickey Edge the Marske Band i s picked up, and stands out along the 
top of the v a l l e y as an obvious white streak as f a r south as the 
Marske Moor f a u l t . E a s t of C o r d i l l e r a s Lane white chert i s seen 
i n the dry channel west of Low Feldom (106037)» and can be traced 
round the west side of the Clapgate v a i l e y as f a r as the wood opposite 
Hey G i l l (110030), so a l l outcrops between the two v a l l e y s must be 
i n the top part of the Richmond Chert S e r i e s above the Marske Band. 
Exposures here are very poor, however, due to d r i f t cover, and pale 
c r i n o i d a l limestone, s i l i c e o u s limestone and calcareous shale are 
only seen i n small and widely separated outcrops. 
North of Clapgate Bridge the Marske Band i s picked up again 
i n Clapgate Spring Plantation (112022) and i s e a s i l y traced f o r 2 miles 
round the spur north of Marske as f a r as Orgate Vein. I t i s about 
4' i n thickness, and a section 500 yards NE of Rubbing House (110020) 
shows i t s separation from the top of the Main Limestone to be 96*, 
while above Marske i t i s 92'. The i n t e r v a l i s occupied by streaky, 
s i l i c e o u s and c r i n o i d a l limestones, with intervening calcareous shale 
horizons. Near J i n g l e Pot (099012) 25' of pale c r i n o i d a l and streaky 
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limestones are exposed above the Marske Band, and these beds form 
the f e a t u r e l e s s south-facing dip slope on the top of t h i s spur. A 
section down the south side of Orgate Vein, which throws the chert 
s e r i e s against the base of the Main Limestone, reads:-
white chert of the Marske Band 4 1 
Streaky c r i n o i d a l limestone with Hyalostelia 6 1 
Ooarse c r i n o i d a l limestone 2' 
Gap 10' 
Impure limestone r i c h i n brachiopods, with 
calcareous shale bands 21' 
P o s s i l i f e r o u s calcareous shale 1'6" 
Impure coarsely c r i n o i d a l limestone with 
brachiopod fragments 14* 
58'6" 
Eas t of Olapgate Beck there are few exposures of the 
Richmond Cherts north of the Olapgate Bank road due to extensive peat 
and d r i f t cover (apart from those i n the numerous shake holes into 
the top of the Main Limestone). But from Clapgate Scar (117024) 
southwards along the east side of the v a l l e y and eastwards along the 
north side of Swaledale, the Marske Band i s almost continuously 
exposed j u s t beneath the top of the bank f o r a distance of 2$ miles, 
so here again the i s o l a t e d exposures on the moors at the top must be 
i n the highest part of the Richmond Chert S e r i e s . Above Clapgate 
Spring (121024) the Main Limestone i s overlain by s i l i c e o u s limestones 
with abundant Hy a l o s t e l i a no more than 20* from the base. I n a 
l i t t l e quarry at the top of Clapgate Bank the white chert i s again 
underlain by the coral bed, and i n Applegartb Scar, i n a small down-
fa u l t e d wedge (120016), 25' of interbedded streaky s i l i c e o u s and pale 
c r i n o i d a l limestones o v e r l i e the Marske Band. 
I t i s here appropriate to record the section i n a roadside 
quarry % mile SB of Marske (113996), a short distance beyond the 
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southern l i m i t of the map, where the following was measured:-
Mainly crumbly-weathering pale coarse c r i n o i d a l 
limestone, shale over 27' 
White chert, upper part of the Marske Band 3 f6" 
Pale c r i n o i d a l limestone with H y a l o s t e l i a 1' 
HJhite chert, lower part of the Marske Band 1*3" 
Mainly pale coarse c r i n o i d a l limestone 28' 
Impure and streaky limestone 9 1 
F o s s i l i f e r o u s calcareous shale 1'6" 
Streaky cherty limestone 26' 
Limestone, with t h i n cherty top 3' 
P o s s i l i f e r o u s calcareous shale 4* 
Gap, evidently shaley beds, above Main Limestone 11' 
115*3 
The Marske Band i s here about 85' above the top of the Main, 
but the most important feature of the section i s the 3' of limestone 
above the lowest shale, which resembles the L i t t l e Limestone i n a l l 
respects, although here the tubes running down from the cherty top 
are poorly developed and are only recognised i n one part of the 
exposure. I f , as i s considered most probable, t h i s bed i s taken as 
being the L i t t l e limestone, then the Main Limestone-Little Limestone 
i n t e r v a l , which has decreased progressively from about 130*"in the 
region of Sleightbolme to about h a l f t h i s value around Hoove (^ust 
beyond the edge of the Coal S i l l s ) and about 30* i n Moresdale Beck, 
would be no more than 15* i n t h i s quarry near Marske. Further 
evidence of t h i s l a t e r a l v a r i a t i o n w i l l be presented from outside the 
area of the map i n the next chapter. 
At the northern end of Red Scar (east of Marske, on the south 
side of the Swale, 118005), 35* of s i l i c e o u s limestones o v e r l i e the 
white chert band, which i s the greatest thickness encountered above 
t h i s marker horizon. The Marske Band i s followed f o r % mile east 
from Red Scar, along Thorpe Edge, but then suddenly dies out. I n 
the Scarcote G i l l s e c tion (129008) i t i s not present i n 136* of 
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s i l i c e o u s limestones and calcareous shales which r e s t on the Main, 
qnfl above which come no more than 20* of alternating sandstones and 
shales (the l a t e r a l equivalent of the Ten Fathom G r i t ) , o verlain by 
the Crow Limestone and chert s e r i e s . % mile further east, i n Church 
G i l l (142005), 4 ,6" of dark chert i n a 12' band of shale and mudstone 
ov e r l i e the Main Limestone. Above t h i s come 117' of the Richmond 
Chert S e r i e s , at the base of which the L i t t l e Limestone i s thought 
to be j u s t recognisable. Near the top of t h i s g i l l s e c tion are 
broken exposures of shale with t h i n sandstone bands ( o v e r l a i n by 
the Crow Limestone), these being a l l that remain of the Ten Fathom 
G r i t . And a f u r t h e r 2)4 miles down the v a l l e y to the ESE the Rich-
mond Chert S e r i e s and the Crow Limestone are separated by only a 
few f e e t of shale, the Ten Fathom G r i t being e n t i r e l y unrepresented. 
The Crow horizon i s exposed % mile south of Richmond, i n Spring Wood 
quarry (the section i n which has been measured by Dr. R.W. Hey), 
where i t i s at l e a s t 60' t h i c k , consisting of a s e r i e s of s i l i c e o u s , 
c r i n o i d a l and sbaley limestones very s i m i l a r to that overlying the 
L i t t l e Limestone. 
Along the north side of Swaledale, 65' of the Richmond Cherts 
are exposed beneath the Marske Band i n Salmon G i l l , ESE of Park Top, 
while east of Deepdale these beds are exposed f o r a mile along the 
upper part of W h i t c l i f f e Scar. This i s the best s i n g l e exposure of 
the s e r i e s , and a number of sections taken at i n t e r v a l s along the 
sc a r |ear l i t t l e resemblance to one another. This f a c t serves to 
i l l u s t r a t e the very rapid l a t e r a l f a c i e s v a r i a t i o n s which take place 
within t h i s horizon. A t h i n band of shale, taken as representing 
the beds between the Main and L i t t l e Limestones, forms a narrow shelf 
i n the scar at tbe top of the Main, and gives r i s e to a number of 
small springs. 350 yards east of Willance's Leap (131020) tbe 
se c t i o n i s as follows:-
Streaky s i l i c e o u s limestone 6 1 
White chert of tbe Marske Band 4' 
Streaky s i l i c e o u s limestone, with E v a l o s t e l i a 1'6" 
Shaley limestone, with Hyalostelia 6 1 
Crinoidal limestone, with occasional chert 
nodules 10 1 
Streaky s i l i c e o u s limestone 5' 
Shaley limestone 7' 
Alternating c r i n o i d a l and s i l i c e o u s limestones, 
with H y a l o s t e l i a 28' 
Alternating shaley and pale c r i n o i d a l 
limestones 14'6" 
Grey and impure c r i n o i d a l limestones, 
supposed horizon of L i t t l e Limestone at base 11'6" 
Calcareous shale with s h e l l and c r i n o i d 
fragments 4* 
Gap, probably shale 7* 
Argillaceous limestone 12" 
Shale on Main Limestone 6* 
111»6 M 
The supposed horizon of the L i t t l e Limestone i s 
placed on the evidence from Marske quarry, although here i t i s not 
s p e c i f i c a l l y recognisable as such. This places the Marske Band 
about 80* up i n tbe Richmond Chert S e r i e s (and about 100' above 
the top of the Main Limestone). But i t suddenly disappears 50 yards 
east of t h i s section, and i s not seen again f u r t h e r along the edge. 
Beneath Willance's Leap a 4' band of c o r a l s , mainly Dibunophyllum 
and Chaetetes, i s well developed, and on tbe edge of"High Moor 
(142019) j o i n t surfaces i n pale c r i n o i d a l limestone near the top of 
the s e r i e s have a very t h i n patchy coating of galena i n places, 
although there i s d e f i n i t e l y no f a u l t i n g nearby. A section near 
Applegarth Vein (131019), at the western end of the scar, reads:-
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Pale c r i n o i d a l and streaky s i l i c e o u s limestones 15' 
Gap l * 1 
White chert of the Marske Band 4» 
Crinoidal limestone, coarse i n part, with 
interbedded s i l i c e o u s limestone 27' 
Shaley limestone, with much Hya l o s t e l i a , 
enclosing bands, l e n t i c l e s and nodules of hard 
c r i n o i d a l limestone up to 2« t h i c k 21* 
Shaley limestone, with much s h e l l and c r i n o i d 
debris i n part 9 1 
S i l i c e o u s limestone 12 1 
102» 
while at the top of W b i t c l i f f e Wood (145015), at the other 
end of the scar, the section i n an old quarry reads:-
Loose pale c r i n o i d a l limestone 
Streaky s i l i c e o u s limestone with Cauda G a l l i 6 1 
Alternating sbaley and s i l i c e o u s limestones 21' 
Impure limestone with some chert nodules, 
supposed horizon of L i t t l e Limestone at base 16* 
S i l i c e o u s shale, p a r t l y calcareous, with 
scattered productids and very v a r i a b l e l e n t i c l e s 
of s i l i c i f i e d limestone ( i n part f l i n t y chert) 
up to 2* thic k , on Main Limestone 8 1 
51' 
Although the L i t t l e Limestone i s not recognisable here by 
i t s s p e c i a l c h a r a c t e r i s t i c s , i t i s considered to come above the 
s i l i c e o u s shale at the base of the section, and 1% miles SB, i n Low 
Bank Wood on the south side of the Swale, a small quarry reveals 
Richmond Chert S e r i e s , much s i l i c e o u s and c r i n o i d a l 
limestone 
Calcareous shale, with many s h e l l fragments 5* 
Shale, with small gypsum needles and tr a c e s of 
pyr i t e on bedding 2» 
S l i g h t l y micaceous s i l t s t o n e with occasional 
s h e l l fragments 2' 
Main Limestone 7* 
Here again the L i t t l e Limestone i s thought to be the lowest 
post of the overlying chert s e r i e s , with the 7* of sbaley beds 
representing the i n t e r v a l between the Main and L i t t l e Limestones, and 
A. Beds o f t h e Richmond Chert Ser ies on t h e n o r t h s ide o f 
Arndale Ho le . Nodules o f r e l a t i v e l y pure grey l imes tone 
are enclosed "by p l a t e y - w e a t h e r i n g s i l i c e o u s shaley 
l i m e s t o n e . 
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B. Beds o f the Richmond Chert Se r ies i n H u r g i l l q u a r r y , 
Richmond. The w h i t e Marske Band i s ahout 2 /3 rds 
o f t h e way up the f a c e , and i s cu t out towards the 
l e f t by the o v e r l y i n g beds. 
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cor responding t o t h e 15' ass igned t o t h a t h o r i z o n i n Marske q u a r r y 
on more p o s i t i v e evidence . 
The Richmond Cher t Ser ies i s w e l l seen i n t h e Swale between 
Richmond Br idge and t h e w e i r , and a l so i n Cas t l e Bank, immedia te ly 
"beneath t h e C a s t l e (171006) . But t he bes t exposures are on t h e 
h i l l s i d e n o r t h o f t he town, which i s i n e f f e c t a d i p s l ope . H u r g i l l 
qua r ry (165016) p r o v i d e s a most v a l u a b l e exposure, t h e s e c t i o n a t 
i t s n o r t h end b e i n g : -
12 Limestone , middle p a r t o f pos t s s i l i c i f i e d t o c h e r t 15 f 
11 Limes tone , s t r e a k y w i t h c o r a l bed a t base, pa l e 
and c r i n o i d a l above, w i t h s i l i c i f i e d patches 6* 
10 Shaley l imes tone 6" 
9 P a r t l y s i l i c i f i e d impure l imes tone 1*8" 
8 S t reaky s i l i c e o u s l imes tone 3" 
7 Very prominent ha rd w h i t e c h e r t o f t h e Marske Band 2 1 
6 S t reaky l i m e s t o n e , almost e n t i r e l y s i l i c i f i e d 
t o p a l e brown c h e r t 7' 
5 Impure b l o c k y c r i n o i d a l l i m e s t o n e , i r r e g u l a r 
patches and l e n t i c l e s o f c h e r t , galena on some 
j o i n t su r f aces 15' 
4 Pale s t r e a k y l i m e s t o n e w i t h f l i n t y c h e r t patches 1*3" 
3 Impure c r i n o i d a l l imes tone w i t h p a r t l y s i l i c i f i e d 
patches 6 ' 
2 S t reaky s i l i c e o u s l imes tone 2*6M 
1 Impure c r i n o i d a l l imes tone w i t h t h i n sba ley 
l imes tone p a r t i n g s c o n t a i n i n g H y a l o s t e l i a 5 ' 
Southwards across the q u a r r y , however, an e r o s i o n s u r f a c e a t 
t h e base o f 11 cu t s ou t beds 8-10 i n c l u s i v e , w h i l e another and more 
s t r i k i n g one a t t h e base of 12 c u t s out a l l t he beds down t o and 
i n c l u d i n g 6 a t t h e sou the rn end o f t h e exposure ( P l a t e 10B, p . 157), 
Thus the removal o f t h e Marske Band i s c l e a r l y demonstrated, and 
t h e sudden end t o t h e w h i t e c h e r t exposures i n Haorpe Edge and 
W h i t c l i f f e Scar i s most p robab ly due t o removal by t h i s same e r o s i o n 
s u r f a c e w i t h i n t h e upper p a r t o f t h e Richmond Cher t S e r i e s . 
Another i n t e r e s t i n g s e c t i o n occurs i n t h e qua r ry beh ind t h e 
I n f e c t i o u s Diseases H o s p i t a l (173016) , where 2 ' o f s i l i c i f i e d 
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l imes tone w i t h l e n t i c u l a r cores o f pa le f l i n t y c h e r t are o v e r l a i n 
"by 251 o f s t r eaky s i l i c e o u s l imes tone w i t h l e n t i c l e s o f c r i n o i d a l 
l imes tone up t o 2 1 t h i c k (which make up about % o f t h e b u l k ) . 
P a r t s of these l e n t i c l e s have been removed by s o l u t i o n and r e p l a c e d 
t o a v a r y i n g e x t e n t by c r y s t a l l i n e CaCO^. The s e c t i o n i s capped by 
8* of c r i n o i d a l l i m e s t o n e which encloses many t h i n beds and l e n t i c l e s 
o f s t r e a k y s i l i c e o u s l imes tone up t o 4 " i n t h i c k n e s s , t h e l a t t e r 
a c c o u n t i n g f o r about l / 1 0 t b of t h e b u l k . Traces o f c h a l c o p y r i t e 
and ma lach i t e occur on j o i n t su r f aces a t the wes te rn end o f t h e 
q u a r r y . East o f t h e I n f a n t r y Barracks t h e r e i s another quar ry 
(177017) which exposes 33' o f s t r eaky s i l i c e o u s l imes tone w i t h 
i r r e g u l a r l e n t i c l e s o f p a l e ( i n p a r t coa r se ly c r i n o i d a l ) l imes tone , 
and on t h e east s i de o f the G i l l i n g Road, on t h e edge o f t he new 
Housing Es t a t e ( 1 8 0 0 1 7 ) » another e r o s i o n s u r f a c e has been exposed i n 
s i l i c e o u s l imes tones , t h i s t i m e c u t t i n g across t h e bedding a t an 
angle o f 9 ° . 
East o f Richmond a g r e a t spread o f f l u v i o - g l a c i a l sand and 
g r a v e l obscures n e a r l y a l l t h e s o l i d ground, b u t a u s e f u l s e c t i o n 
comes f r o m t h e b o r e - h o l e i n St T r i n i a n ' s qua r ry (189009), which i s 
reproduced i n s e c t i o n (m) o f F i g u r e 4 (p.101). " I 0 3 f 4 " o f l imes tone 
and ca lcareous shale on t h e Main Limestone were p roved beneath t h e 
s u p e r f i c i a l d e p o s i t s . A t Crow Hole , oppos i t e Brompton-on-Swale 
(215994), a s e c t i o n o f some 20' o f shale o v e r l a i n by 15' o f sandstone 
(somewhat p u r p l e near t h e t o p ) occurs i n t he south bank o f t he 
Swale, w h i l e 600 yards f u r t h e r downstream i n t h e oppos i t e bank, 4 ' 
o f t h i s p u r p l i s h sandstone are o v e r l a i n w i t h an u n c o n f o r m i t y o f 10° 
by 4 ' o f sandstone b r e c c i a . I t i s n o t p o s s i b l e t o i d e n t i f y the 
u n d e r l y i n g sandstone, except t o say t h a t i t must be w e l l up i n t h e 
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Upper Limestone Group, b u t the b r e c c i a (which i n c l u d e s many angula r 
f r agments o f c h e r t f r o m the t h i c k s e r i e s exposed f u r t h e r upstream) 
i s c e r t a i n l y basa l Permian. I t was o r i g i n a l l y mapped as such by 
P h i l l i p s ( 1 8 3 6 ) , and Gunn recorded i t as p r o b a b l y Permian d u r i n g 
the Pr imary Survey. Round t h e next; bend i n t h e r i v e r undoubted 
Magnesian Limestone i s now exposed i n t h e south bank beneath 
Tborribrougb, c o n f i r m i n g P h i l l i p s ' o r i g i n a l mapping. 
The Newton M o r r e l l bore (237093)> 6 m i l e s KNE o f Brompton, 
proved 4 8 ' o f basa l Permian b r e c c i a r e s t i n g on beds o f t h e Underset 
cyc lo them. The b r e c c i a i s o f v e r y s i m i l a r c o m p o s i t i o n t o t h a t 
exposed i n t h e Swale, b u t i s c o n s i d e r a b l y coa rse r , i n d i v i d u a l f r a g -
ments o f sandstone and c h e r t f r e q u e n t l y r e a c h i n g a l e n g t h o f 4 i nches . 
The cementing m a t e r i a l i s d o l o m i t e , and t h i s h o r i z o n i s a lmost a 
d o l o m i t i c l imes tone near i t s base, where t h e f o r e i g n f ragments are 
s m a l l e r and much l ess numerous t han i n t h e h i g h e r p a r t s . I t i s 
w e l l known ( f r o m evidence beyond t h e l i m i t s o f t h e present a rea ) 
t h a t t h i s basa l b r e c c i a was depos i t ed i n depress ions i n t h e uneven 
pre-Permian l a n d s u r f a c e . Great v a r i a t i o n s i n i t s t h i c k n e s s over 
q u i t e s h o r t d i s t ances are t h e r e f o r e t o be expected. The i m p o r t a n t 
o 
s t r u c t u r a l i m p l i c a t i o n s o f t h e Newton l o r r e l l r e c o r d are d iscussed 
i n Chapter 8 ( p . 172). 
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CHAPTER 7 
VARIATIONS WITHIN THE MAIN AND LITTLE CYCLQTHBMS 
TO THE 1EST AND SOUTH OF THE! MAPPED AREA " 
The v a r i a t i o n s i n the beds between t h e Main and Crow Lime-
stones over t h e area o f t h e map, desc r ibed i n t h e p rev ious chap te r , 
were cons ide red t o be o f s u f f i c i e n t i n t e r e s t t o war ran t t h e i r i n v e s t i -
g a t i o n on a w i d e r s c a l e . A c c o r d i n g l y t h e p o s i t i o n o f t h e t o p o f 
t he Main Limestone was cop ied f r o m the maps of t he G e o l o g i c a l Survey, 
and every a v a i l a b l e s e c t i o n o f these beds over some 450 square 
m i l e s o f t he n o r t h e r n p a r t o f the A s k r i g g B lock (as f a r south as 
the watershed on t h e south s ide o f Wensleydale) was v i s i t e d . I n 
a l l , 83 such s e c t i o n s were measured, t h e d e t a i l s o f w h i c h , t o g e t h e r 
w i t h those f r o m the r e l e v a n t p a r t o f t h e surveyed area, have been 
summarised i n F igures 5 and 6 . 4 1 o f these s e c t i o n s have been 
s e l e c t e d and reproduced ( w i t h 10 s e c t i o n s f r o m w i t h i n t h e mapped 
a rea ) i n F i g u r e 7 as evidence f o r , and t o add f u r t h e r d e t a i l t o , 
these diagrams. 
I t has p roved p o s s i b l e t o draw t h e boundary o f t h e Coal S i l l s 
w i t h cons ide rab le accuracy south o f t h e R i v e r Tees. The Upper 
Coal S i l l reaches f u r t h e r south and east t h a n t h e l o w e r one, and t h e 
boundary i n F i g u r e 5 i s i n gene ra l t he l i m i t o f t h e upper h o r i z o n . 
S e c t i o n 5J f r o m the Tees between i t s conf luence w i t h t h e Greta and 
Thorpe Scar, shows t h e Coal S i l l s modera te ly w e l l developed, bu t 
l e s s t h a n 2 m i l e s away the W y c l i f f e Bore ( s e c t i o n 6 ) p roved a t l e a s t 
9 5 ' o f u n i f o r m dark shale on t h e Main Limestone, w i t h o u t any t r a c e 
o f t h e Coal S i l l s * From between these s e c t i o n s , t h e boundary i s 
t r a c e d across t h e area o f t h e map (see Chapter 6 ) as f a r as Roe Beck, 
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a t t h e bead o f A r k e n g a r t h d a l e . There are no arenaceous beds between 
t h e Main and L i t t l e Limestones i n Gunnerside G i l l ( s e c t i o n 1 8 ) , b u t 
4» o f massive grey micaceous sandstone i n t e r v e n e near t h e Swinner 
G i l l Mines ( s e c t i o n s 14 and 15), which c a r r i e s t h e boundary across 
t h e south s ide o f Rogans Seat towards K e l d . The West Stonesdale 
and Bast G i l l s ec t i ons (11 and 12) bo th show Coal S i l l s f a c i e s , which 
d i e s ou t n o r t h o f A y g i l l ( s e c t i o n 13). Adam G i l l (17), on t h e NW 
s ide o f Great Sbunner P e l l , exposes a 5* bed o f sandstone, w h i l e 
an u n f i g u r e d s e c t i o n i n Wavery G i l l ()& m i l e SB) shows t h e Coal S i l l s 
t o be absent . Th i s b r i n g s the marg in round the west s ide o f Great 
Sbunner P e l l , and east o f s e c t i o n 38 ( ano the r Adam G i l l ) i n C o t t e r -
d a l e . The Coal S i l l s a re presen t i n a l l 5 measured s e c t i o n s on 
Widdale P e l l , bu t t o t h e eas t , on Ten End ( s e c t i o n 43), t h i n l y 
bedded f o s s i l i f e r o u s micaceous ca lcareous sandstone o v e r l i e s 12' o f 
shale on t h e Main Limestone , and i s capped by pebbly g r i t . Th i s i s 
e v i d e n t l y a t r a n s i t i o n f a c i e s f r o m the Coal S i l l s t o t h e s i l i c e o u s 
l imes tones o f the Main Chert f u r t h e r eas t , and t h e boundary has been 
c o n t i n u e d as f a r as t h i s s e c t i o n . South o f t h e watershed t h e g r i t s 
come down onto t h e Main Limestone and c u t ou t t h i s h o r i z o n . 
The gene ra l t r e n d o f t h e Coal S i l l s boundary can be c o n t i n u e d 
n o r t h o f the Tees by means o f sub- su r face i n f o r m a t i o n . The r e c o r d 
f r o m a b o r e - h o l e near Crook (some 8 m i l e s SW o f Durham), which was 
desc r ibed by Woolacot t (1923), showed undoubted Coal S i l l s f a c i e s 
between t h e Main and L i t t l e Limestones . On the o the r hand t h e r e c o r d 
d e s c r i b e d by Powler (1944) f r o m a bore near Chop Gate, i n t h e 
Cleve land H i l l s , shows beds a t t h i s h o r i z o n which must be c o r r e l a t e d 
w i t h t h e c h e r t s around Richmond. A v e r y t h i c k s e r i e s o f s i l i c e o u s 
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l imes tones and c h e r t s o v e r l i e t he l imes tone t a k e n as t h e Main , b u t 
by t h e i r v e r y na tu r e i t i s no t p o s s i b l e t o recognise i n d i v i d u a l beds 
w i t h i n t h i s s e r i e s . What i s c e r t a i n , however, i s t h a t t he Coal 
S i l l s a re unrepresen ted , and t h a t t h e i r sou the rn boundary must r u n 
between these two p o s i t i o n s . 
The Main Chert i n t he r e g i o n o f Bowes i s separated f r o m t h e 
u n d e r l y i n g l imes tone by a s e r i e s o f shales and mudstones. I t i s 
o f t h e banded cha lcedonic t y p e , and has been recorded f r o m a narrow 
zone (see F igu re 5 ) which runs SB as f a r as Hoove, and f r o m t h e r e 
SW through Rogans Seat and K e l d t o Great Shunner F e l l . Around 
Bowes t h i s c h e r t passes l a t e r a l l y bo th east and west i n t o b l a c k 
s h a l e , b u t south o f Spanham i t passes westwards i n t o sha le , w h i l e 
t o t h e east t h e passage i s i n t o a s e r i e s o f s i l i c e o u s l imes tones 
and calcareous s i l i c e o u s sha les , t h e boundary o f which sweeps round 
i n a g r e a t l oop a l o n g t h e Swaledale-Wensleydale watershed t o Richmond, 
and thence back t o Spanbam. I n gene ra l t he t h i c k n e s s o f t h i s 
s e r i e s decreases southwards, t o be l e s s t h a n 1 0 ' south o f t h e Swale. 
But n o r t h o f Swaledale and east o f A r k e n g a r t h d a l e , t h e f a c i e s i s so 
s i m i l a r t o t h a t o f t he o v e r l y i n g Richmond Chert Ser ies t h a t i t i s 
u s u a l l y imposs ib l e t o separate t h e two when the L i t t l e Limestone i s 
n o t r e c o g n i s a b l e . The boundary o f t h e Main Cher t i s open i n a 
nar row NW-fac ing neck near Bowes, where the c h e r t i s l a s t seen d i p p i n g 
i n t o t h e Stainmore s y n c l i n e . There i s no f u r t h e r evidence f o r i t 
t o t h e n o r t h , and somewhere beneath t h a t s t r u c t u r e t h e boundary must 
c l o s e . I t must be emphasised t h a t t h i s l i n e i n no way represen t s 
t h e edge o f a b a s i n o f c h e r t d e p o s i t i o n , bu t merely marks the p o s i t i o n 
where c h e r t o r s i l i c e o u s l imes tone passes l a t e r a l l y i n t o sha l e . 
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There i s no evidence t o suggest any break i n d e p o s i t i o n a long t h i s 
boundary. -
The L i t t l e Limestone i s t hough t t o have been recogn i sed , 
r e s t i n g e i t h e r on t h e Coal S i l l s or t h e Main C h e r t , i n over h a l f o f 
t h e measured s e c t i o n s . I t s most c h a r a c t e r i s t i c f e a t u r e , c b e r t y 
tubes r u n n i n g down i n t o the l i m e s t o n e f r o m a t h i n s i l i c e o u s capp ing , 
i s developed a lmost c o n t i n u o u s l y ( t o a g r e a t e r o r l e s s e r e x t e n t ) 
over an area o f a t l e a s t 300 square m i l e s , and s p o r a d i c a l l y f o r some 
d i s t a n c e beyond t h a t l i m i t . ( I t should be no ted , however, t h a t t h i s 
f e a t u r e i s n o t e n t i r e l y r e s t r i c t e d t o the L i t t l e Limestone , and was 
r eco rded i n t h e o v e r l y i n g Crow Limestone i n t h e u n f i g u r e d Great 
Punchard G i l l s e c t i o n . ) The r e c o g n i t i o n o f t h e L i t t l e Limestone 
has enabled t h e Main Cher t and Richmond Chert Ser ies t o be d i f f e r -
e n t i a t e d i n many s e c t i o n s , and i sopacbytes f o r t h e Main Limes tone-
L i t t l e Limestone i n t e r v a l have been c o n s t r u c t e d (see F igu re 5 ) . 
These show t h a t t h e L i t t l e con t inues t o descend p r o g r e s s i v e l y towards 
t h e Main Limestone south of t h e boundary o f t h e Coal S i l l s , u n t i l 
i n Wensleydale t h e two l imes tones are a c t u a l l y i n c o n t a c t . Nor th 
o f Wensleydale t h e r e i s no evidence i n i n d i v i d u a l s ec t i ons f o r an 
e r o s i o n s u r f a c e beneath t h e L i t t l e , a l though comparison o f a l l the 
s e c t i o n s makes i t ex t remely p robab le t h a t one i s p r e s e n t . I n 
Messers Dorman Long ' s l imes tone q u a r r y n o r t h o f Redmire ( s e c t i o n 5 0 ) , 
however, up t o 18" o f s t i c k y r e d c l a y w i t h carbonaceous patches are 
seen between t h e base o f t he l imes tone t a k e n as t h e L i t t l e and t h e 
Main Cher t ( P l a t e 11A, p . 167), and t h i s would represen t the e r o s i o n 
s u r f a c e which goes unseen f u r t h e r n o r t h . I n the road meta l qua r ry 
a m i l e NW o f Leyburn ( s e c t i o n 51) t h e l imes tone b e l i e v e d t o be t h e 
L i t t l e i s separated f r o m t h e Main by up t o 4" o f shale i n p a r t s , w h i l e 
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i n o the r s i t r e s t s d i r e c t l y on t h e Main , t h e t o p pos t o f which i s c u t 
down f r o m 3 1 t o 1* i n t h i c k n e s s across the q u a r r y . Th i s e r o s i o n 
s u r f a c e i s t h u s cons ide red t o account f o r t h e whole o f the t i m e 
t aken f o r t he accumula t ion o f some 150* o f beds o f Coal S i l l s f a c i e s 
o n l y 15 m i l e s away i n the r e g i o n o f Bowes. 
I n every measured s e c t i o n except one, t h e L i t t l e Limestone i s 
o v e r l a i n by a l e s s e r o r g r e a t e r t h i c k n e s s o f s i l i c e o u s p l a t e y 
impure l i m e s t o n e s , t h e Richmond Chert S e r i e s . I sopachytes on t h i s 
f a c i e s ( t h e t o p o f which i s s t r o n g l y d iachronous) show a r o u g h l y 
c o n c e n t r i c arrangement w i t h an e longa ted cen t r e near Richmond (see 
F igu re 6 ) , w i t h t h e o v e r l y i n g shale pas s ing inwards i n t o the c b e r t y 
beds u n t i l around Richmond i t s e l f t h e c h e r t s e r i e s reaches almost 
t o t h e Ten Fathom G r i t . The marked t h i c k e n i n g i n lower Swaledale 
i s p a r t l y due, however, t o t he incoming o f l e n t i c u l a r bodies o f 
coarse c r i n o i d a l l imes tones i n t o t he s e r i e s , which s u b s t a n t i a l l y 
inc rease t h e t h i c k n e s s o f t h e L i t t l e cyc lo them. The o n l y h o r i z o n 
w i t h i n t h e s e r i e s which has p roved r ecogn i sab l e over any d i s t ance 
i s t he Marske Chert gand, desc r ibed i n t h e p r e v i o u s " c h a p t e r . Beyond 
t h e area o f t he map, i t has been r ecogn i sed j u s t below the top o f 
t he Richmond Cher t Se r i e s i n t h e u n f i g u r e d s e c t i o n i n L i t t l e Punchard 
G i l l , and i t i s p resen t above a l o n g gap i n s e c t i o n 28 i n Fore G i l l . 
I t i s w e l l seen under t h e b r i d g e near the Old Gang Mines i n Hard 
L e v e l G i l l , and a 4 ' band o f p a l e c h e r t i n Howden and Thupton G i l l s 
( s e c t i o n s 47 and 4 8 ) , south o f P e n h i l l , p r o b a b l y belongs t o t h i s 
h o r i z o n , a l though t h i s i s t h e o n l y p l a c e where w h i t e c h e r t i s seen 
a t t h i s l e v e l south o f t h e Swaledale-Wensleydale watershed. The 
band i s v e r y s t r o n g a t t h e top o f Downbolme q u a r r y , a m i l e south 
o f s e c t i o n 30. 
F I G . 7a 
! ! 7 
r 
® 
1 J* t 
<3> r 11 ® / \ 
\ / r <3> / 
4 / V 8 a) 
t 
J 
1 
S i 
® 
<8> UJ 
i / ® 
® Si ® 
\ 
i 
ft <3> 5 
^ 9* A 5 • 8 V 
7 
1 V 
i §8 r 
\ <S) 
F I G. 
i/) 
z 
o 
i-
< 
> 
LU 
a. 
ID 
m 
< 
i n Q 
Id g 
a 
It! 
si 5 
a. 
e 
Ul 
s 
u u 
u 3 
z 
S 2 3 u O 2 
z z 
< 5 
 2 
u 
z 
O 
K 
in a z 
4 
bJ 
< (-
DC 
111 
I 
o 
a z o 
2 X 
u 
S 
O I -ia 
5— i — i — i — i — i u o S| g S O l d 
4 2 j i i " g 2 y o j in IA U _i 2 2 
d3 St 
I I ID 
H u m p s 
jjjf'8 u 
b. 
2 S 
\ 
5 i §3 2 H;M«H 
it JL,-*r3 
m 
i 
V 
•••«•.»,»,*,•«», 
Z * i / it 
w i s s V* 
did" i:i''-'i"i''i'y,y,:$& 
§ i . S S da I I : 411 
U * :•=! ;.l : I I 
up ma 
D Q in n 
Bg 
8:B St 
a l i i 
o o 
_ l 
CO 
< 
z 
< 
2 
LU 
X 
z 
O 
z 
O 
i 
165 
The s e c t i o n s i n Hind Hole Beck ( 1 4 ) and Bast G r a i n (15) make 
an i n t e r e s t i n g comparison. The f o r m e r shows a mere 4*6 n o f the 
Hichmond Chert Se r ies o v e r l a i n "by t h i c k s h a l e , w h i l e o n l y a f e w 
hundred ya rds away i n East G r a i n t h e r e are 11* o f w e l l developed 
c h e r t y beds w i t h Cauda G a l l i , above which are 34' o f s i l i c e o u s sha le 
c o n t a i n i n g many t h i n s i l i c e o u s l imes tone bands. These l a t t e r 
s t r e n g t h e n r a p i d l y when t r a c e d southwards i n t h e banks o f Swinner 
G i l l , and l ess t h a n % m i l e south of t he o l d mines t h e f u l l 45' a re 
good s i l i c e o u s l i m e s t o n e s , Bast G r a i n thus a f f o r d i n g a good s e c t i o n 
o f t h e a c t u a l t r a n s i t i o n f r o m sha le i n t o t h e c h e r t s e r i e s . Another 
s p e c t a c u l a r increase i n t he t h i c k n e s s o f t he s e r i e s takes p l a c e on 
Whi t a s ide Moor, on t h e south s i de o f Swaledale . I n t h e u n f i g u r e d 
s e c t i o n i n Hooker G i l l 441 were measured, w h i l e % m i l e east i n 
W i l l Anton G i l l ( s e c t i o n 25) t h e r e are 83' o f s i l i c e o u s l imes tones 
above t h e L i t t l e . G e n e r a l l y , however, t h e t h i c k n e s s inc rease i s 
g r adua l and h a r d l y n o t i c e a b l e f r o m s e c t i o n t o s e c t i o n . A f e a t u r e 
which i s p a r t i c u l a r l y a s soc ia t ed w i t h t he Richmond Chert S e r i e s , 
and which i s r a r e l y seen i n t h e s i m i l a r f a c i e s o f t he Main C h e r t , 
i s t h e c h a r a c t e r i s t i c Cauda G a l l i mark ing . Th i s has been t r a c e d 
t o a p r o b l e m a t i c a l s t r u c t u r e i n these beds (see Chapter 9) w h i c h , 
upon w e a t h e r i n g , g ives r i s e t o c o n c e n t r i c ' s w i r l s ' , and shou ld no t 
be confused w i t h r a t h e r s i m i l a r markings i n some arenaceous rocks 
(which have a l so been c a l l e d Cauda G a l l i ) which are due t o p a r t i n g 
across s m a l l - s c a l e c u r r e n t bedding . 
There are a number o f v e r y f i n e s e c t i o n s i n t h e t r i b u t a r i e s 
i n t o t h e Ure f r o m Abbots ide Common, n o r t h o f Moor Cock. I n Scar G i l l 
( s e c t i o n 37) the L i t t l e Limestone , 1 6 ' above the Main , i s d i r e c t l y 
o v e r l a i n by 25' o f s h a l e , t h i s b e i n g t h e o n l y s e c t i o n seen where t h e 
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Richmond Chert Ser ies was absent . The L i t t l e i s a b s o l u t e l y charac-
t e r i s t i c h e r e , and t h e r e can be no doubt about i t s i d e n t i f i c a t i o n . 
1000 ya rds t o t h e n o r t h , however, i n Washer G i l l , t h e s e c t i o n above 
the Main Limestone ( u n f i g u r e d ) c o n s i s t s o f 106 ' o f non-marine beds 
b e f o r e a t h i n sandy l imes tone i s reached. I t i s t h i s h o r i z o n t h a t 
Rowel l (1953) c a l l e d t h e L i t t l e L imes tone , and i n Scar G i l l t h e same 
t h i n sandy l imes tone was a l so r e f e r r e d t o t h e L i t t l e , an e x t r a 
cyc lo them b e i n g invoked i n t h i s one s e c t i o n t o e x p l a i n t h e u n d e r l y i n g 
l i m e s t o n e . There i s l i t t l e doubt , however, t h a t t h e L i t t l e has 
been f a u l t e d out o f t h e Washer G i l l s e c t i o n , as t h e Main Limestone 
( c a r r y i n g a 3' v e i n o f q u a r t z , w i t h c b a l c o p y r i t e , ma lach i t e and 
f ragments o f d o l o m i t i s e d l i m e s t o n e ) i s no t i n normal con tac t w i t h 
t h e o v e r l y i n g sha le . 
West o f Moor Cock, a good s e c t i o n i n F l u s t G i l l (35) shows 
a t l e a s t 35' o f sha le o v e r l y i n g no more t h a n 5' o f t he Richmond 
Chert S e r i e s . Only 1% m i l e s t o t h e sou th , however, i n Ceaseat 
Beck (33), coarse pebb ly g r i t has t r ansg re s sed t o w i t h i n 14* o f 
t h e t o p o f t h e Main Limestone. The i n t e r v e n i n g beds are not seen, 
bu t i t can be presumed t h a t those above t h e L i t t l e Limestone are no 
l o n g e r p r e s e n t . I n most o f t h e s e c t i o n s a long t h e south s ide o f 
Wensleydale t h i s coarse g r i t i s p r e s e n t . Nor th of t h e Ure i t i s 
g e n e r a l l y above t h e Crow Limestone , and i n o n l y a f e w s e c t i o n s does 
i t r e s t on the u n d e r l y i n g Ten Fathom G r i t . I n one o f these (Summer 
Lodge G i l l , s e c t i o n 24) t h i s i s caused by the i n f i l l i n g o f a wash-
o u t , on e i t h e r s ide o f which t h e g r i t r e s t s on t h e Crow C h e r t s . 
South o f t h e Ure , however, t h e g r i t i s a t a l ower h o r i z o n . I n 
genera l i t r e s t s on t h e Richmond Chert S e r i e s , bu t on t h e south s ide 
o f P e n h i l l the l ower p a r t o f the Ten 'Fathom G r i t i s a p p a r e n t l y p resen t 
Beds above the Main Limestone i n Redmire quarry, 
V/ensleydale. The hammer marks a clay horizon 
between the Main Chert and the supposed L i t t l e 
Limestone. The "tubes" and chert capping of t h i s 
Limestone are about 2/3 rds of the way up the face, 
and are ov e r l a i n by s i l i c e o u s limestones of the 
Richmond Chert Series. 
'tmw 
-mm 
-
i 
Section i n the north side of Leyburn road metal quarry. 
A l e n t i c u l a r bed of c r i n o i d a l debris i n the centre of 
the f a r face i s enclosed i n s i l i c e o u s limestones of 
the Richmond Chert Series. In the l e f t foreground i s 
the top of the Main Limestone, overlain by a bored bed 
taken to be the L i t t l e Limestone. 
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i n Thupton G i l l ( s e c t i o n 4 7 ) . Southwards, i n Ooverdale, the g r i t 
rests on the Main Limestone i n places, and the same i s t r u e on 
Naughtberry H i l l t o the west. 
Two quarry sections near Leyburn are of p a r t i c u l a r i n t e r e s t . 
The road metal quarry 1 mile NW of the town (section 51) exposes 
up t o 66 1 of the Richmond Chert Series above the L i t t l e Limestone. 
At the north end of the quarry 12• of sil i c e o u s limestones are 
overl a i n by a l e n t i c u l a r bed of coarse c r i n o i d a l debris, which has 
a maximum thickness of 7 ' » and which t h i n s out to zero i n both 
d i r e c t i o n s along about 100' of the quarry face (Plate 11B, p.l67)» 
This i l l u s t r a t e s (though on a considerably smaller scale) the nature 
of the coarse c r i n o i d a l limestones w i t h i n the series i n the Richmond 
area. I n general these beds are pale i n colour, but they often 
weather a l i g h t orange-brown, a feature which led t o the adoption 
of the term fRed Beds* f o r parts of t h i s horizon. Above t h i s 
s t r i k i n g l e n t i c u l a r body i n Leyburn quarry come at least 45' of 
we l l bedded, hard, rather dark, streaky si l i c e o u s limestones, t y p i c a l 
of the 'Black Beds' of the Mallerstang Memoir (1891). I n the 
southern p a r t of the quarry they r e s t d i r e c t l y on the limestone 
thought t o be the L i t t l e , the intervening beds having been cut out 
by one of the minor erosion surfaces Taihich are so common w i t h i n t h i s 
series. There are a number of these w i t h i n the 12* of sili c e o u s 
limestones overlying the L i t t l e along the north side of the quarry, 
and no single bed can be traced very f a r without being cut out by 
another. This i s not so with the 4 5 ' of cherty beds i n the southern 
p a r t of the quarry, however, which are unusually evenly bedded 
despite the f a c t t h a t they enclose a number of spherical bodies of 
grey limestone up to 3" i n diameter. This same horizon i s 
Plate 12 
m 
> 
A. The Mam Limestone overlain with unconformity by 
the Richmond Chert Series i n Woodlands quarry, Leyburn. 
B. c l o s e r view of the unconformity i n 7/oodlands quarry shovang the cherts moulded onto the uneven eroded surface of the l a i n Limestone. 
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immediately recognised a mile east of Leyburn, i n Woodlands quarry 
(s e c t i o n 4-9). There the chert series rests unconformably on an 
eroded surface of Main Limestone, the lowest beds of which mould 
themselves onto the often s t r i k i n g l y uneven surface on which they 
were deposited ( H a t e s 12A and B, p. 168). This unconformity i s 
therefore here taken t o represent not only the period of deposition 
of a l l the beds between the Main and L i t t l e Limestones, but also to 
account f o r the lower part of the Richmond Chert Series. I t would 
appear t h a t during the period f o l l o w i n g deposition of the Main 
Limestone, a roughly B-W ridge was raised above sea l e v e l i n the 
v i c i n i t y of what i s now Wensleydale, and t h a t l a t e r beds were then 
l a i d down unconformably with overlap t o the south against the north 
side of t h i s ridge, which was not f i n a l l y submerged u n t i l the 
coarse pebbly Millstone G r i t was being deposited i n th a t area. 
PLATE I I 
CONTOUR ON THE BASE O f THE MAIN LIMESTONE 
RELATIVE TO O.O. I N FEET 
OUTCROP OF THE BASE OF THE MAIN LIMESTONE 
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CHAPTER 8 
STRUCTURE 
The area under consideration l i e s immediately t o the 3E of 
the Stainmore syncline, i n the NE part of the stable Askrigg Block. 
The structure i s summarised i n Plate I I ( p . l 6 9 ) » contours being 
drawn at 5 0 ' i n t e r v a l s on the base of the Main Limestone, so t h a t 
the map i s d i r e c t l y comparable with those of Dunham (1948) f o r the 
Alston block and Reading (1954) f o r the intervening stainmore syn-
c l i n e . I t i s estimated t h a t the structure contours are accurate t o 
w i t h i n 100* over the whole of the map, but over much of i t , espec-
i a l l y i n the v i c i n i t y of the outcrop of the Main Limestone, the 
margin of er r o r w i l l be less than 5 0 ' . 
(a) Folds 
The structure i s e s s e n t i a l l y t h a t of a gently easterly-
p i t c h i n g somewhat asymmetrical a n t i c l i n e , the axis of which trends 
s l i g h t l y south of east. The north f l a n k of the a n t i c l i n e i s simple, 
and passes without i n t e r r u p t i o n i n t o the southern limb of the 
Stainmore syncline. The dip of t h i s f l a n k i s of the order of 4 ° 
of 350* per mile, which i s rather less than the average i n the 
syncline i t s e l f , the dip decreasing s l i g h t l y onto the block. The 
axis of the a n t i c l i n e pitches i n a d i r e c t i o n 10° south of east at 
about 100* per mile ( s l i g h t l y more than 1 ° ) and i t s r e g u l a r i t y i s 
int e r r u p t e d by three subsidiary domes. The easternmost of these, 
the G i l l i n g dome, i s a strong s t r u c t u r e , second only t o the a n t i c l i n e 
i t s e l f , and the main f o l d closes r a p i d l y round the north, east and 
south sides of i t , with dips l o c a l l y i n excess of 10°. 
This dome i s breached by the G i l l i n g v a l l e y , which thus affords 
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an excellent section through the st r u c t u r e , and the inverse r e l a -
t i o n s h i p of topography t o structure across the dome i s i l l u s t r a t e d 
i n the section i n Pig. 9 (p. 170). I t i s probable t h a t the o r i g i n a l 
breaching was near the highest p o i n t i n the structure (as i s o f t e n 
the case), and evidently erosion was more r a p i d on the NE side of 
the v a l l e y (where the dip i s lower), the bottom of the v a l l e y being 
s l i g h t l y displaced towards th a t side from the centre of the f o l d . 
The closure to the west of the G i l l i n g dome i s about 100', and i t 
passes, by way of the Peldom f a u l t , i n t o the Whashton dome, a small 
but comparatively sharp f l e x u r e . This i s " s l i g h t l y elongated along 
an M axis, and dips o f f i t to the north and south are as high as 
20°. The closure round the Whashton dome i s a minimum of 125*, 
and i t passes westwards along the axis i n t o an elongated open area 
between Byers H i l l (070075) and Stang (015072), along the Teesdale-
Swaledale watershed. I t i s probable t h a t s tructure contours over 
t h i s area, i f they could be constructed at i n t e r v a l s of 25* or less, 
would reveal several more very shallow domes. This i s suggested 
by small v a r i a t i o n s i n l o c a l dips, but unfortunately thickness 
estimates i n t h i s area of r a p i d l y changing facies are not s u f f i c i e n t l y 
accurate t o warrant construction of contours at any smaller i n t e r v a l s . 
West of Stang, the a n t i c l i n e dies away i n the region of Sleightholme 
(955101), t o be replaced en echelon t o the south by the small Tan 
H i l l a n t i c l i n e of Eowell (1953). As the main a n t i c l i n e has pre-
v i o u s l y been known only a f t e r the v i l l a g e inhere the most easterly 
exposures along the a x i a l l i n e are t o be found, i t was thought 
desirable t o add to the name t o define the western as w e l l as the 
eastern end of the str u c t u r e . I t i s therefore proposed t h a t the term 
Middleton Tyas-Sleightholme a n t i c l i n e be adopted. 
The southern limb of the a n t i c l i n e i s considerably complicated 
by f a u l t i n g , and throws of up t o 300' have been measured. A number 
of these f a u l t s have been mineralised, and are associated with the 
Swaledale-Arkengarthdale system. I t i s nevertheless possible t o 
estimate the average dip at about 500' per mile, which i s somewhat 
steeper than t h a t of the northern limb. Important subsidiary 
structures on t h i s f l a n k include a half-dome on the north side of 
the Faggergill-Waitgate f a u l t south of Holgate How, half-basins just. 
west of Marske and south of Helwitb, and an elongated basin open 
at i t s eastern end along the l i n e of Moresdale. There i s probably 
another basin to the SE of Richmond, the base of the Main Limestone 
being only 120* O.D. i n the St Trinian's bore-bole (189009) a mile 
east of the town. But there i s only s u f f i c i e n t information t o be 
able t o construct p a r t of the north side' of t h i s structure. 
I t has long been considered t h a t the Middleton Tyas-Sleight-
holme a n t i c l i n e was a pre-Permian st r u c t u r e , and the Primary Survey 
ind i c a t e d an unconformable overlap of the Permian across the Upper 
Limestone Group on the published map. Unfortunately, because of 
very heavy d r i f t cover, p o s i t i v e proof of t h i s p o i n t was not available 
and i t was not u n t i l over 60 years l a t e r t h a t convincing evidence 
was forthcoming from the Scorton bore-hole (251999) (Fowler, 194-5). 
There, the Magnesian Limestone i s represented by no more than 2* 
of dolomite r e s t i n g on 15* of basement beds, but t h i s horizon r a p i d l y 
thickens to the north, south and east. I n f a c t the change i s so 
rapid t h a t the only reasonable explanation i s one of overlap of the 
Permian beds onto a pre-existing ridge of Carboniferous rocks. Very 
recently (1955)> * f u r t h e r convincing evidence has come from a bore-
hole at Newton Morrell (237093), 2 miles north of Middleton Tyas, 
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where a t h i c k basal Permian breccia rests on beds of the Underset 
cyclothem, yet only a short distance t o the west and south there i s 
abundant evidence of the overlying Main Limestone and succeeding 
cherty horizons. Clearly, considerable erosion must have taken 
place before the onset of Permian deposition i n the area, and t h i s 
could only have been i n i t i a t e d i n such a fashion by the formation 
of the a n t i c l i n e i n Upper Carboniferous times. At what period i n 
the Upper Carboniferous the movement took place i s uncertain, but 
i t seems l i k e l y t h a t the Coal Measures were never deposited i n t h i s 
area. There i s s t r a t i g r a p h i c a l evidence f o r the formation of an 
E-W ridge i n the Wensleydale d i s t r i c t during the time of deposition 
of the lower p a r t of the Upper Limestone Group (see Chap. 7» p.167). 
Further evidence of early Upper Carboniferous movement comes from 
consideration of the beds between the Main and L i t t l e Limestones i n 
upper Swaledale, and downwarping associated with movement of the 
Stainmore syncline must then have extended as f a r south as t h i s t o 
enable the t h i c k Coal S i l l s Group to be accommodated (Fig. 8, p.166). 
So i t i s suggested, as Hercynian movements appear t o have already 
s t a r t e d by then, t h a t at l e a s t part of the Middleton Tyas-Sleigbt-
holme a n t i c l i n e was i n i t i a t e d as early as Upper Limestone Group times. 
I t i s generally agreed that the area now occupied by the 
Northern Pennines bad, by early T e r t i a r y times, been reduced t o an 
almost f l a t surface by erosion, and t h a t the r e s u l t i n g peneplain 
was subsequently t i l t e d eastwards by very considerable l a t e r T e r t i a r y 
movement along the Outer Pennine f a u l t . This f a c t was r e a l i s e d as 
early as 1836 by P h i l l i p s (p.139), who noted a universal dip eastwards 
from the Pennine f a u l t of between 60' and 100' per mile, and i t i s 
t h i s t i l t e d peneplain which has been p a r t i a l l y dissected t o give the 
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topography of today (Plate 5 , p. 2 ). I t i s of i n t e r e s t t o know 
what form the structure of the area may have taken before t h i s 
t i l t i n g , which i s thought t o have taken place i n comparatively l a t e 
T e r t i a r y times ( T r o t t e r , 1929, p.167), and a modified structure 
contour map (Plate I I I , p.173) has been constructed by removing the 
average topographical dip of the area a f t e r the method adopted by 
Reading ( 1 9 5 4 ) . An easterly dip of 100 ' per mile was found t o be 
a s a t i s f a c t o r y f i g u r e , and as t h i s i s the same as the value used by 
Reading, the two maps are again d i r e c t l y comparable. 
The suggested early T e r t i a r y structure which emerges a f t e r 
t h i s modification i s somewhat b e t t e r defined than th a t of the present 
day. The easterly p i t c h of the a n t i c l i n e has been e n t i r e l y removed, 
and the closure at i t s western end i s now as well marked as t h a t at 
i t s eastern end. The G i l l i n g and Wbashton domes are again dominant 
features, and the rather open area along the axis between Byers H i l l 
and Stang now becomes a t h i r d , well-marked dome centred on Byers H i l l . 
The s l i g h t l y asymmetrical nature of the a n t i c l i n e i s more easily 
noticed because the flanks of the structure are now p a r a l l e l . There 
i s a s t r i k i n g s i m i l a r i t y (only of course i n reverse) t o the d e t a i l 
of the structure obtained by Reading when he removed the easterly 
p i t c h of the Stainmore syncline. This can be taken, along with 
t h e i r complimentary nature, as evidence of the approximately con-
temporaneous formation of the two structures by N-S compressive 
forces, although the Stainmore area i s known t o have been a trough 
of sedimentation i n Lower Carboniferous times long before the 
Middleton Tyas-Sleightholme a n t i c l i n e could have been i n i t i a t e d . 
(b) Faults 
Most of the minor f a u l t s have already been described i n the 
d e t a i l e d s t r a t i g r a p h i c a l sections of e a r l i e r chapters, and they 
need not be considered here. But they have been incorporated, 
along with the major f a u l t s , i n a s t a t i s t i c a l analysis of trends, 
the r e s u l t of which i s reproduced i n Fig. 10 (p . 1 7 8 ) . This shows 
th a t there i s a marked predominance of f a u l t s running between 70° 
and 85° west of north, and a less well-marked peak at 65°-70° east 
of north, with a broad minimum between 30° west of north and 2 5 ° 
east of north, and a narrower minimum between 80° east of north 
and east. 
The three most important f a u l t s i n the area a l l trend roughly 
TOW, and two of them serve as the boundary to the SW p a r t of the 
map over part of t h e i r length. An i n t e r e s t i n g feature about these 
f a u l t s i s the f a c t t h a t although they run remarkably s t r a i g h t f o r 
miles, a complete reversal of throw i s accomplished along the length 
of each one, and the reversal i s i n the same d i r e c t i o n i n each case. 
The throw i s t o the north along the western parts of the f a u l t s and 
t o the south along t h e i r eastern parts. This state of a f f a i r s can 
arise i n a number of ways, but i n t h i s instance the most l i k e l y 
mechanism i s f o r f a u l t i n g combined with a l i t t l e h o r i z o n t a l movement 
t o have succeeded s l i g h t f o l d i n g . I f the axis of the f o l d makes 
a large angle with the d i r e c t i o n of subsequent f a u l t i n g , i t i s only 
necessary f o r comparatively small l a t e r a l movement to take place t o 
e f f e c t a marked reversal of throw along the f a u l t . Certainly most 
of the indications along these-three f a u l t s are only those of v e r t i c a l 
movement, but then the f a u l t faces themselves are r a r e l y seen. 
S l i e r Beck Hush (991103), on the North Spanham f a u l t , has, however, 
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exposed h o r i z o n t a l s l i c k e n s i d i n g i n the region where the throw i s 
i n the process of reversal, and t h i s i s considered t o he p o s i t i v e 
evidence i n favour of the theory. The North Spanham f a u l t (Plate 
13A, p.179 ) i s a continuation of the south "branch of the Stainmore 
Summit f a u l t c a r r i e d as f a r east as Sleigbtholme Beck by Reading, and 
i s thus the eastern end of an important d i s l o c a t i o n which extends f o r 
over 10 miles. The Faggergill-Waitgate f a u l t , followed f o r some 
7 miles, reverses i t s throw beneath a cover of peat on Booze Moor 
(020050), near Moresdale Head, and the f a u l t plane i s nowhere seen 
at the present day. S i m i l a r l y the Marske f a u l t , mapped f o r over 
5 miles, reverses i t s throw i n a heavily d r i f t - c o v e r e d area j u s t t o 
the west of Marske (096006), but there i s l i t t l e doubt th a t the 
f a u l t s are a l l continuous, and that these reversals do take place. 
I t has been found, with a b e t t e r understanding of the 
stratigraphy, t h a t a number of the f a u l t s mapped during the Primary 
Survey are unnecessary and have been omitted. Several new f a u l t s 
have, however, been recognised, but i n s p i t e of t h i s i t w i l l be 
found t h a t the t o t a l number of f a u l t s has been somewhat reduced. 
F i e l d evidence f o r most of the f a u l t s on the map has already been 
given, and i t i s therefore unnecessary t o give f u r t h e r consideration 
t o those whose significance i s purely l o c a l . But there are several 
f a u l t s , apart from the three major WNW dislocations, which c a l l f o r 
f u r t h e r comment. One of these i s the BNE-trending Richmond f a u l t , 
which has a NNW downthrow of at least 85', and possibly nearly twice 
t h a t , i n the north bank of the Swale opposite Richmond s t a t i o n . 
The f a u l t plane i t s e l f has been obscured by a deposit of t u f a several 
f e e t i n width, but the regional SSB dip i s seen t o be disturbed i n 
the immediate v i c i n i t y of the f a u l t so t h a t the dip i s i n towards the 
176 
f a u l t on "both sides. Beds of the Richmond Chert Series are here i n 
contact with the sandstone underlying the Main Limestone, and as i s 
common elsewhere, d o l o m i t i s a t i o n of the limestone has taken place 
near the f a u l t . Westwards t h i s f a u l t divides, so t h a t i n Temple 
Grounds (166006) and B i l l y Bank Wood (164005) a t h i n wedge of u p l i f t e d 
beds i s found between i t s two branches. But as with the three major 
WNW f a u l t s , a l l of which divide along part of t h e i r length, one 
branch i s very subsidiary t o the other. 
Two s t r u c t u r a l l y i n t e r e s t i n g f a u l t s are those which bound the 
Wbashton dome. The Feldom f a u l t , on i t s SB margin, i s over 3 miles 
i n length, and i t s throw to the SE i s over 100 1 f o r much of t h a t 
distance. The Kirby H i l l f a u l t , running roughly p a r a l l e l t o , and 
NW of t h i s , has a s i m i l a r throw t o the NW, and the beds between 
these two f a u l t s have been comparatively sharply folded. The 
s t r i k i n g t h i n g about these f a u l t s i s the r a p i d i t y with which they 
die out a t t h e i r HE end. The Feldom f a u l t , where i t crosses the 
western end of Wbashton v i l l a g e (147G63), drops i t s throw from about 
130* t o less than 20' i n only 1/3 mile, t h i s being apparently e n t i r e l y 
due t o the dying out of the f o l d between the two f a u l t s . So i t i s 
evident t h a t at the time the Wbashton dome was formed, movement must 
have taken place along the two f a u l t s contemporaneously with the 
f o l d i n g . The f a u l t s may have been i n existence p r i o r t o doming, 
but there i s no evidence to show t h a t t h i s was the case. I t seems 
l i k e l y t h a t most ( i f not a l l ) of the f a u l t s i n the area were at least 
i n i t i a t e d during the Hercynian f o l d i n g . 
Part of the eastern boundary of the map incorporates the 
important Darlington f a u l t , which separates the Trias from beds of 
the Upper Limestone Group i n the south and from the Magnesian Limestone 
177 
f u r t h e r north. I t was long supposed tha t the Permian-Trias boundary 
beneath the very heavy d r i f t cover between the Tees and the Swale 
was a normal one, hut Fowler (194-5) has shown, from consideration 
of sub-surface records, that the boundary must be the continuation 
of the well-known Hartlepool f a u l t . He was able to f i x i t s p o s i t i o n 
with considerable accuracy, despite the f a c t t h a t there are no 
surface exposures, and the l i n e of the f a u l t has been taken d i r e c t l y 
from the map reproduced (p.246) i n Fowler's paper. 
( c ) Joints 
The f i r s t mention of j o i n t s and j o i n t directions i n the 
Carboniferous of the Pennines was by P h i l l i p s (1836). He published 
a diagram (p.98) showing the d i s t r i b u t i o n of 89 readings, about % 
of which were taken on the Carboniferous Limestone Series of the 
Askrigg Block. This diagram shows a strong broad maximum at NNW, 
two subsidiary maxima at E and MB, and minima of zero at NW by W 
and HE by H. P h i l l i p s also recognised t h a t these d i r e c t i o n s were 
independent of at least a l l the minor f a u l t s . The only other 
relevant work t o have been done i n t h i s country was by Wager (1931) 
and Dunham (1933). Wager described the j o i n t system i n the Great 
Scar Limestone of the Craven d i s t r i c t , two sets of j o i n t s at r i g h t 
angles being inte r p r e t e d as shear f r a c t u r e s . Dunham analysed more 
than 1000 j o i n t readings on the Great Limestone i n the Stanbope-
Frosterley area, and obtained maxima at 20°-25° west of north and 
60°-70° east of north, s i m i l a r to those of P h i l l i p s . These two sets 
at r i g h t angles he also a t t r i b u t e d t o shear f r a c t u r e s . 
The r e s u l t of the analysis of some 400 j o i n t readings made 
during the present survey i s shown i n Fig. 10 (p.178). These readings 
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were nearly a l l taken on limestones, the majority being on the w e l l -
exposed and t h i c k Main Limestone. I t w i l l be noted that 3 strong 
maxima occur at 55°-60° east of north, 15°-20° west of north and 
45°_50° west of north, with a very low minimum at B and a zero 
minimum at 10°-15° east of north. These directions evidently bear 
no r e l a t i o n s h i p to those of the major WW f a u l t s , but the f i r s t 
of the maxima does correspond i n d i r e c t i o n with many of the minor 
f a u l t s (some of which are also mineral v e i n s ) which form the broad 
peak between KB and BNB. I t w i l l also be noted that the f i r s t 
maximum i s exactly at r i g h t angles to the bise c t o r of the other two, 
which are separated by 30°. I n an important work on the j o i n t 
system of the Palaeozoic beds of the Allegheny Plateau of New York 
and Pennsylvania, J.M. Parker (1942) has shown that the j o i n t s there 
can be divided into two sets which i n t e r s e c t approximately at ri g h t 
angles. But he was also able to sub-divide one set into two groups 
which i n t e r s e c t at a small angle. Both t h e o r e t i c a l and experimental 
work has shown that t h i s double set can be produced by simultaneous 
compression and tension acting at r i g h t angles. Such an arrangement 
of s t r e s s e s w i l l r e s u l t i n the tangential components rein f o r c i n g 
one another, while the normal components, acting i n opposite d i r e c t -
ions, w i l l tend to cancel out. V a r i a t i o n i n the r e l a t i v e values 
of these components w i l l serve to modify the angle at which the two 
groups of j o i n t s i n the set w i l l i n t e r s e c t . So i t i s evident, 
from Parker»s work, that the j o i n t system of the HE part of the 
Askrigg Block could have resu l t e d from simultaneous compression and 
tension acting a t right angles. This i n t e r p r e t a t i o n would require 
compression from directions 35° west of north and 35° east of south, 
and tension from directions 55° east of north and 55° west of south. 
A. View l o o k i n g west along the North Spanham f a u l t on S c a r g i l l 
High Moor. I n West B l a c k S i k e (foreground) d o l o m i t i s e d Main 
Limestone i s thrown a g a i n s t nodular s h a l e i n the Underset 
cyclothem. I n the background i s E l l e r Beck Hush, where the 
throw has f a l l e n to zero. 
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B. J o i n t i n g i n a s m a l l p a r t of E a s t Layton quarry. Three 
p r i n c i p a l d i r e c t i o n s can be seen. 
Such s t r e s s e s correspond c l o s e l y with the NW-SE compression proposed 
by Wager f o r the formation of the j o i n t s of the Craven d i s t r i c t , 
but Dunham considered a N-S compression to be more l i k e l y f o r those 
of the Alston Block. Reading was unable to f i n d any d e f i n i t e l y 
dominant d i r e c t i o n of j o i n t i n g i n the beds of the f l e x i b l e Stainmore 
syncline, but there was a marked absence of j o i n t i n g i n a NEB 
dire c t i o n , which he took as confirmation of a roughly N-S compression. 
I t i s evident that much of the transverse folding i n t h i s part of 
the Pennines was produced by a N-S compression, but i n p r a c t i c a l l y 
every case the j o i n t i n g i s at right angles to the bedding, regardless 
of dip, implying that the j o i n t s were formed before and independently 
of the f o l d s . So i t i s not necessary to suppose that the compression 
which produced the folds was from the same d i r e c t i o n as that which 
gave r i s e to the j o i n t system. 
The s t a t i s t i c a l analysis of Dunham's r e s u l t s does a c t u a l l y 
show a subsidiary maximum at 55°-60° west of north, and the b i s e c t o r 
of t h i s d i r e c t i o n and the peak at 20°-25° west of north trends very 
nearly NW-SE. I f t h i s apparently very minor peak, as well as the 
other two, could be shown to be of importance over the Alston Block 
as a whole, there would then be j u s t i f i c a t i o n i n postulating a 
roughly NW-SE compression (combined with tension at r i g h t angles to 
t h i s ) f o r the formation of the j o i n t system over the Northern 
Pennines as a whole. 
I n many of the la r g e r quarries v i s i t e d during the present 
survey, the j o i n t surfaces can be followed f o r considerable distances 
(P l a t e 13B, p.l79,)i and i t i s a s t r i k i n g f a c t that those i n the set 
at 55°-60° east of north are i r r e g u l a r and often curve away as much 
as 10° from t h e i r average d i r e c t i o n , whereas the other two sets are 
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remarkably even and constant i n trend. This i s p r e c i s e l y what 
Parker found on the Allegheny Plateau, and i t l e d him to b e l i e v e 
that the i r r e g u l a r set ( a t right angles to the b i s e c t o r of the other 
two s e t s ) originated from tension alone. These t e n s i l e j o i n t s would 
have been formed somewhat l a t e r than the other two s e t s , but on the 
Askrigg Block t h i s second stage of j o i n t formation was doubtless 
connected with the same period of s t r e s s e s , a l l j o i n t s having been 
i n existence before the pre-Permian folds were i n i t i a t e d . 
An attempt was made to detect any possibly s i g n i f i c a n t changes 
i n the j o i n t system across the area of the present survey by p l o t t i n g 
frequency diagrams f o r a number of r e s t r i c t e d portions. The l a r g e s t 
number of readings came from the southern part of the area, where 
exposures are good, and over t h i s region there was no detectable 
change i n the three dominant j o i n t i n g d i r e c t i o n s . The north side 
of the a n t i c l i n e yielded r e l a t i v e l y few s a t i s f a c t o r y measurements 
(outside quarry sections) because of heavy d r i f t cover, and t h i s i s 
r e f l e c t e d i n the wider spread and lower peaks on the diagrams plotted 
for that area. I n sp i t e of t h i s , however, the positions of the 
peaks remained constant, and i t i s concluded that the region acted 
as a single unit during the formation of the j o i n t system. 
CHAPTER 9 
PETROGRAPHY OF THE CHERTS 
(a ) The Underset Chert 
The s e r i e s of more or l e s s s i l i c e o u s beds developed on or a 
l i t t l e above the top of the Underset Limestone i n parts of the area 
and c o l l e c t i v e l y known as the Underset Chert, are very variable (as 
was shown i n Chapter 5) and they pass l a t e r a l l y towards the west, 
north and east into shale immediately overlying the Underset Lime-
stone. These s i l i c e o u s beds cannot be traced i n d i v i d u a l l y over 
any great distances, and marked v a r i a t i o n s i n l i t h o l o g i c a l type 
commonly take place over i n t e r v a l s of l e s s than 50 yards. The f i e l d 
r e l a t i o n s h i p s of these various types are not easy to follow, and 
there i s a passage, both v e r t i c a l and l a t e r a l , between them a l l . 
But one of the most noticeable features i n the f i e l d (apart from the 
generally well-developed bedding) i s the great v a r i a t i o n i n the 
apparent proportion of earbonate i n these rocks. There i s l i t t l e 
to distinguish some beds i n the Underset Chert from the fine-grained 
horizons i n the underlying limestone, yet i n others there i s often 
no sign i n hand specimen of any carbonate. There i s considerably 
l e s s difference between these types when examined i n t h i n section, 
however, and they a l l point to the same mode of origin. 
The most common l i t b o l o g i c a l type i n the Underset Chert i s a . 
dark blue-grey s i l i c e o u s calcite-mudstone which, i n band specimen, 
often shows l i t t l e sign of any s i l i c a . Bands i n t h i s mudstone are 
f o s s i l i f e r o u s , and contain many spiny productids, but the main bulk 
of i t i s apparently v i r t u a l l y u n f o s s i l i f e r o u s . Dark f l i n t y chert 
bands, commonly between about 1" and 6" (but sometimes several f e e t ) 
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i n thickness, occur associated with the mudstone, and these, when 
traced l a t e r a l l y , pass into the normal mudstone, the f i e l d r e l a t i o n -
ships suggesting secondary concentration of s i l i c a at these horizons. 
I n t h i n section, the mudstone i s seen to be composed of between 65% 
and 70% very fine-grained c a l c i t e which i s set i n an apparently 
i s o t r o p i c very pale brown matrix, the R.I. of which i s 1.530 i n a 
specimen from Marske Beck. Some s l i d e s show t h i s matrix j u s t 
beginning to c r y s t a l l i s e i n vague very s l i g h t l y b irefringent areas, 
and others show i t as mi c r o c r y s t a l l i n e r a d i a l aggregates of chalcedony, 
there being no doubt that the is o t r o p i c material i s amorphous or 
cr y p t o c r y s t a l l i n e s i l i c a . But even when f u l l y c r y s t a l l i n e , i t s t i l l 
r e t a i n s i t s very pale brown colour i n ordinary transmitted l i g h t . 
Organic fragments (mainly bryozoa and brachiopods) are common i n 
these s l i d e s , and are often p a r t i a l l y replaced by secondary s i l i c a 
(with the exception of c r i n o i d o s s i c l e s , which are r a r e l y a l t e r e d ) . 
Calcareous sponge spicules are abundant i n a number of s l i d e s , and 
average between 0.05 and 0.2 mm. i n diameter. These s p i c u l e s are 
often p a r t i a l l y , and sometimes completely, replaced by mic r o c r y s t a l l i n e 
s i l i c a with N w = 1.541. There i s no evidence that any of them were 
primarily s i l i c e o u s as the s i l i c a of which some are now formed i s 
i n every case c l e a r l y secondary, and of a different generation to 
that which sometimes f i l l s the a x i a l canals. 
On approaching a band of dark chert, the s i l i c a content 
gradually r i s e s u n t i l the c a l c i t e proportion i s reduced to l e s s than 
25%. But the mode of occurrence i s s t i l l the same, with very f i n e -
grained carbonate set i n e i t h e r amorphous or c r y p t o c r y s t a l l i n e pale 
brown s i l i c a . Sections from within the chert bands show as much as 
95% s i l i c a , a l l of which i s f u l l y c r y s t a l l i n e , but i t i s a simple 
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matter to distinguish two generations of chalcedony. The o r i g i n a l 
s i l i c a which c r y s t a l l i s e d from the amorphous state s t i l l r e t a i n s i t s 
pale brown colour i n transmitted l i g h t , but most of the r e s t of the 
rock i s composed of e n t i r e l y colourless m i c r o c r y s t a l l i n e s i l i c a (with 
R.I's near those of quartz) enclosing small secondary carbonate 
rhombs, a l l that i s l e f t of the c a l c i t e which was i n the rock before 
subsequent enrichment i n s i l i c a and p a r t i a l r e c r y s t a l l i s a t i o n . 
Ghosts of previously e x i s t i n g organic fragments ( p a r t i c u l a r l y 
brachiopods) are outlined by the o r i g i n a l brown s i l i c a , and i t i s 
evident that p r i o r to secondary s i l i c i f i c a t i o n the rock was no more 
than a v a r i e t y of the mudstone containing a rather higher proportion 
of o r i g i n a l c o l l o i d a l s i l i c a . 
The other important l i t b o l o g i c a l type i n the Underset Chert 
has been c a l l e d "lime p l a t e " by Oarruthers (1938). I t i s a dark 
streaky s i l i c e o u s mudstone which, on weathering, parts along the 
rather i r r e g u l a r bedding into t h i n but tough "pl a t e s " which make a 
ringing sound when struck ( a property found to indicate a considera-
ble s i l i c a content). I t i s normally highly f o s s i l i f e r o u s , and hence 
somewhat calcareous, with many spiny productids and a few s p i r i f e r s 
and gasteropods. I n some l o c a l i t i e s secondary s i l i c i f i c a t i o n has 
a l t e r e d the rock to a dark and very bard chert, but the streaks due 
to i r r e g u l a r i t i e s i n deposition are s t i l l c l e a r l y v i s i b l e . Thin 
sections reveal the platy material to consist of abundant calcareous 
organic material set i n a matrix of some 60% very f i n e c a l c i t e and 
25% nearly i s o t r o p i c s i l i c a , with i r r e g u l a r dark brown streaks of 
argill a c e o u s material. Alternating with t h i s are very t h i n and 
i r r e g u l a r streaks of cherty material containing abundant cross-sections 
of calcareous productid spines (some p a r t l y replaced by s i l i c a ) set 
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i n v i r t u a l l y i s o t r o p i c pale brown s i l i c a . Rare angular grains of 
quartz up to 0.05 across have been detected, and a few s l i d e s 
contain small honey-brown grains of collopbane, often i n elongated 
aggregates, most of which are apparently i s o t r o p i c . But some, 
indistinguishable from the r e s t i n ordinary l i g h t , are birefringent, 
showing high f i r s t - o r d e r colours. Birefringent collophane has been 
described by Dunham et a l . (1948) from the Magnesian Limestone of 
Durham, and i t may be that t h i s property of the mineral i s more 
common than bad been supposed. The present occurrences of collophane 
are f i s h remains; recognisable s c a l e s and teeth are found i n these 
cberty beds from time to time. 
Where secondary s i l i c a enrichment has taken place, only a few 
corroded remnants of calcareous brachiopods are l e f t , and micro-
c r y s t a l l i n e pale brown fibrous r a d i a l aggregates of chalcedony 
enclose productid spines now replaced by colourless s i l i c a . Of 
i n t e r e s t i n t h i s secondary material are scattered aggregates of t i n y 
hexagonal quartz c r y s t a l s ( P l a t e 7B, p.70 ) , conspicuous by t h e i r 
r e l a t i v e l y high r e f r a c t i v e index, and t h e i r presence i s taken as 
in d i c a t i n g a lack of enclosed water i n the secondary s i l i c a (see 
section ( d ) , below). 
(b) The Main Chert 
The Main Chert i s a s e r i e s of s i l i c e o u s beds developed on or 
a short distance above the top of the Main Limestone, the s t r a t i -
graphical r e l a t i o n s of which are described i n Chapters 6 and 7. 
This s e r i e s i s confined, roughly speaking, to Swaledale, Arkengarth-
dale and the Bowes area, the l i m i t being shown i n Pig. 5, p.160 
Petrographically these beds f a l l into three groups.' I n the northern 
part of the area, an a l t e r n a t i n g s e r i e s of shales and s i l i c e o u s 
185 
mudstones are found immediately above the l a i n Limestone. These 
may be up to 20* i n thickness, and are very dark i n colour. The 
mudstones are very hard, weathering sometimes into paper-thin plates, 
but often showing conchoidal f r a c t u r e on fresh specimens. A f i n e 
banding i s generally (but not always) v i s i b l e , and the s i l i c a con-
tent evidently r i s e s towards the top of these beds, black f l i n t y 
cores being common i n the upper part. They grade upwards into the 
second group i n the Main Chert, which i s a banded f l i n t y rock, 
generally dark grey i n colour, but often bleached to a d u l l creamy-
white. This chert, which gives the impression i n band specimen of 
being 100% s i l i c a , i s much shattered and run through by veins of 
chalcedony and c r y s t a l l i n e quartz, the l a t t e r p a r t i c u l a r l y well 
developed i n c a v i t i e s . The bedding i s generally easy to follow, 
but i s often ignored by partings and shatter cracks. No trace of 
any f o s s i l s could be found i n hand specimens of t h i s material. 
Thin sections of mudstories from the lower s e r i e s reveal a 
wide v a r i a t i o n i n the proportion of s i l i c a . I n general, they show 
very fine-grained c a l c i t e set i n a matrix of v i r t u a l l y i s o t r o p i c 
pale brown s i l i c a (with m i c r o c r y s t a l l i n e patches i n p a r t ) , with a 
var i a b l e but small quantity of argillaceous pigment. L o c a l l y the 
proportion of carbonate i s as high as 80%, and brachiopbd fragments 
together with productid spines appear i n the lower part. But the 
mode of occurrence of the carbonate, i n very small grains scattered 
more or l e s s evenly throughout the matrix, suggests that i t was 
chemically precipitated, and that only a small proportion of the 
carbonate present i s of organic o r i g i n . There i s no evidence of 
organic o r i g i n f o r any of the s i l i c a . 
S l i d e s of the overlying banded f l i n t y chert show l a r g e l y 
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colourless m i c r o c r y s t a l l i n e s i l i c a ( N w = 1.539) enclosing many very 
small carbonate rhombs (mainly dolomite, but probably some ankerite, 
longest diagonal up to 0.08 mm, N w = 1.679) and a few corroded 
r e s i d u a l patches of c a l c i t e , the two together making no more than 
5% of the rock. There are also ragged areas of the o r i g i n a l pale 
brown nearly i s o t r o p i c chalcedony, but f o r the most part the rock 
appears to have r e c r y s t a l l i s e d into a colourless v a r i e t y . I n 
is o l a t e d cases, these r e l i c s of o r i g i n a l s i l i c a outline the forms 
of f o s s i l s , sponge spicules being recognised (P l a t e 14-A, p.188). 
I t appears that the carbonate rhombs are secondary, and have r e -
c r y s t a l l i s e d from the material which was not c a r r i e d away during the 
process of secondary s i l i c i f i c a t i o n . As might then be expected, 
these rhombs are of very v a r i a b l e occurrence, some s l i d e s showing 
them to be e n t i r e l y absent. That s i l i c a was introduced into the 
rock during the r e c r y s t a l l i s a t i o n process i s most probable because 
of the very corroded appearance of small remnants of evidently 
primary carbonate, but so l i t t l e i s l e f t of the o r i g i n a l material 
that i t i s d i f f i c u l t to t e l l how much of i t was s i l i c e o u s , and hence 
how far-reaching were the secondary e f f e c t s . 
The t h i r d l i t b o l o g i c a l group i n the Main Chert comprises 
f o s s i l i f e r o u s s i l i c e o u s limestones, which make up the bulk of t h i s 
horizon i n middle and lower Swaledale, and also i n lower Arkengarth-
dale (see Pig. 5, p.160). I t i s a very variable group, but the 
d i f f e r e n t types within i t are so s i m i l a r to those i n the equally 
v a r i a b l e overlying Richmond Chert S e r i e s that a separate description 
i s considered unnecessary. I n those sections where i t was not 
possible to locate the intervening L i t t l e Limestone (see Chapters 6 
and 7)» i t generally proved impossible to separate these two 
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e s s e n t i a l l y s i m i l a r cberty horizons. 
( c ) The Richmond Chert S e r i e s 
The s e r i e s of s i l i c e o u s limestones and cherts which o v e r l i e 
the L i t t l e Limestone have, f o r the purposes of t h i s work, been 
termed the Richmond Chert S e r i e s (Chapter 6, p.140), and they com-
pr i s e by f a r the la r g e s t proportion of the cherts considered i n t h i s 
chapter. The predominant l i t h o l o g i c a l type i s a f o s s i l i f e r o u s 
limestone with a variable,,.^sometimes dominant, proportion of s i l i c a . 
Argillaceous material i s present i n small quantities at some horizons, 
the rock then being composed of an intimate mixture of carbonate, 
s i l i c a and clay minerals. Lenses of r e l a t i v e l y pure c r i n o i d a l 
limestone (generally about 6'' t h i c k ) occur within t h i s s i l i c e o u s 
material (P l a t e 10A, p.l57)» and are c l e a r l y contemporaneous because 
the bedding parts to flow round these nodular bodies. The bedding 
i n the s i l i c e o u s limestones i s extremely uneven, with very complex 
small-scale structures, and deposition would appear to have taken 
place, for the most part, under rather turbulent conditions, giving 
these beds t h e i r e s s e n t i a l l y streaky nature. There are f a i r l y 
numerous horizons at which complete brachiopods are crowded onto 
the bedding planes, however, and these may have marked periods of 
r e l a t i v e quiescence. I n some places, p a r t i c u l a r l y i n lower Swale-
dale, great lenses of coarse c r i n o i d a l reef limestones, often over 
20' i n thickness, occur within the Richmond Chert Series, and mark 
periods of p a r t i c u l a r l y rapid l o c a l deposition. Secondary 
s i l i c i f i c a t i o n has evidently taken place i n t h i s s e r i e s where i r r e g -
u l a r nodules of f l i n t y chert, sometimes containing recognisable 
c o r a l s and brachiopods, occur within the s i l i c e o u s limestones. 
Weathering can a f f e c t these cberty beds i n two d i s t i n c t ways. 
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A. Main Chert, H u g g i l l . x 50. S c a t t e r e d dolomite rhombs ( d a r k ) 
i n secondary m i c r o c r y s t a l l i n e s i l i c a . Replaced sponge 
s p i c u l e s a r e o u t l i n e d i n p a l e brown chalcedony, the r e f r a c t i v e 
i ndex of which i s c o n s i d e r a b l y below t h a t of the c o l o u r l e s s 
s i l i c a . 
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B. Hichmond Chert S e r i e s , Hound H i l l , north of Hoove, x 47. 
Bryozan fragments and p a r t of a c r i n o i d o s s i c l e s e t i n , and 
d i s t o r t i n g the bedding of, a v e r y f i n e - g r a i n e d mixture of 
c h e m i c a l l y p r e c i p i t a t e d carbonate and almost i s o t r o p i c brown 
s i l i c a . 
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One i s f o r the rock to part into t h i n p l a t e s ( i n much the same way 
as c e r t a i n horizons i n the Underset Chert) and the surfaces of these 
plates are ei t h e r crowded with f o s s i l fragments, or e l s e bear the 
roughly concentric " s w i r l s " which have, since the l a s t century, been 
known as Cauda G a l l i markings. F o s s i l s and Cauda G a l l i markings 
do not occur together, and the l a t t e r are best developed to the west 
and north of Eeeth. The other product of weathering i s a pale grey, 
noticeably l i g h t and spongey rock, which retains the structures of 
the o r i g i n a l material but which has been e n t i r e l y leached of 
carbonates. This rock i s a l l that can be found on the surface of 
many of the smaller exposures, and tends to give a f a l s e impression 
of the e s s e n t i a l l y calcareous nature of t h i s s e r i e s . 
I n t h i n section, the streaky s i l i c e o u s limestones are seen to 
consist mainly of an intimate mixture of very fine-grained c a l c i t e 
and c r y p t o c r y s t a l l i n e , i n part almost i s o t r o p i c , pale brown s i l i c a 
(the r e f r a c t i v e indices of which vary between 1.530 and 1.541). 
I t i s apparently rapid v a r i a t i o n s i n the proportion of these two 
major constituents which give the rock i t s streaky appearance, the 
darker streaks containing generally about 40%-50% s i l i c a (but l o c a l l y 
as much as 75%), while i n the l i g h t e r parts c a l c i t e i s markedly 
predominant. Set i n t h i s c a r b o n a t e - s i l i c a mixture i s a v a r i a b l e 
quantity of organic debris, p r i n c i p a l l y of brachiopods, foraminifera, 
bryozoa and small c r i n o i d o s s i c l e s , which c l e a r l y d i s t o r t the bed-
ding of the matrix (Plate 14B, p.188). Some of the foraminifera 
contain an i n f i l l i n g of brown i s o t r o p i c s i l i c a , as i s also the case 
with the c e n t r a l canals of some of the cr i n o i d o s s i c l e s . This 
implies that the organic material was deposited into a s i l i c e o u s 
environment, which i s v i s u a l i s e d as being an ooze of chemically 
p r e c i p i t a t e d c a l c i t e and s i l i c a . As before, there i s no evidence 
of any organic o r i g i n f o r the material acting as matrix, and there 
i s often no sign of any secondary a l t e r a t i o n having taken place. 
Bryozoan structures are often b e a u t i f u l l y preserved, these generally 
being among the f i r s t to go when r e c r y s t a l l i s a t i o n takes place. 
I n some sections, however, very small brown rhombs of dolomite or 
ankerite (with H between 1.679 and 1.682, and a long diagonal of 
no more than 0.05 mm.) have grown i n the matrix, which must have 
p a r t i a l l y r e c r y s t a l l i s e d . The colour of these t i n y rhombohedra i s 
seen, i n r e f l e c t e d l i g h t , to be at l e a s t p a r t l y due to enclosed 
limonite (presumably from weathered a n k e r i t e ) , and i n a few sections 
limonite has segregated into l i t t l e patches, sometimes round spines 
of productids. The band specimens from which these sections were 
cut have a d e f i n i t e orange-pink tinge, and t h i s colour i s p a r t i c u l a r l y 
common i n the upper part of the s e r i e s , i n description of which the 
term 'Red Beds' has been used i n the past. Also present i n these 
s i l i c e o u s limestones are common angular grains of d e t r i t a l quartz 
( l o c a l l y making as much as 3-5% of the rock, and mostly l e s s than 
0.1 mm. acr o s s ) , occasional grains of c r y p t o c r y s t a l l i n e glauconite 
(up to 0.4 mm. acro s s ) , a few very small flakes of white mica and 
rare occurrences of is o t r o p i c yellow-brown collopbane. L o c a l l y , 
calcareous rods (about 0.5 mm. i n length and 0.05 mm. i n diameter) 
are common, and are probably concentrations of sponge s p i c u l e s . As 
before, there i s no evidence that these supposed spi c u l e s were ever 
s i l i c e o u s . 
I t i s i n t e r e s t i n g to note that the supposed borings into the 
top of the L i t t l e Limestone ( P l a t e 15A, pJ.'9Q , and Chapter 6,. pJ.39 ) 
are f i l l e d by very s i m i l a r material to that which occurs i n the 
A. The top s u r f a c e of the L i t t l e Limestone, i l l u s t r a t i n g the 
i n f i l l i n g of supposed b o r i n g s . The f r e s h specimen on the 
l e f t i s from Leyburn road metal quarry, and t h a t on the 
r i g h t (with the che r t y tubes weathered out s t r o n g l y ) i s from 
Wbite Stone G i l l , Sleightholme Moor. 
• 
B. Cherty capping to the supposed L i t t l e Limestone, Marske quarry, 
x 38. Brachiopod, bryozoan and c r i n o i d fragments, t o g e t h e r 
with a n g u l a r quartz g r a i n s ( c l e a r ) , m i c r o c r y s t a l l i n e g l a u c o n i t e 
(rounded and sub-angular grey g r a i n s ) and a s h o r t length of 
organism "oc" ( l e f t - h a n d margin, j u s t above l a r g e brachiopod 
fragment) s e t i n an i n t i m a t e mixture of carbonate and brown 
s i l i c a . 
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overlying "beds. The L i t t l e Limestone i s often sandy, and contains 
glauconite, and "both d e t r i t a l quartz and pale .green c r y p t o c r y s t a l l i n e 
glauconite tend to be concentrated i n the "pipes". These minerals 
occur together with organic fragments, s e t i n a matrix consisting 
of a mixture of very fine-grained c a l c i t e and almost i s o t r o p i c pale 
brown s i l i c a (Plate 15B, pJ-90 ). This supports the view that 
these tubes were formed during a widespread depositional break at 
the top of the L i t t l e Limestone, and that they were subsequently 
f i l l e d during the formation of the lowest part of the Richmond 
Chert S e r i e s . 
The lenses of c r i n o i d a l reef material which occur i n , and 
are contemporaneous with, the streaky s i l i c e o u s limestones, must 
have been l a i d down very rapidly. As the proposed c a l c i t e - s i l i c a 
p r e c i p i t a t e was presumably being deposited constantly over a f a i r l y 
wide area, t h i s material would be expected to occur i n t e r s t i t i a l l y 
to the c r i n o i d debris, although only i n small quantities due to 
the high rate of deposition of the organic carbonate. There i s 
l i t t l e evidence of t h i s i n the f i e l d , but t h i n sections reveal a 
su r p r i s i n g l y high proportion of f i n e l y divided c a l c i t e i n pale brown 
s i l i c a . There i s a wide v a r i a t i o n within a single s l i d e , and parts 
are as r i c h as 80% i n the inorganic mixture. But for the most 
part, large c r i n o i d o s s i c l e s (together with scattered brachiopod 
fragments) make up 60-70% of the rock, and i n places i t passes into 
almost pure limestone (Plate 16A, p.191). F i n e l y disseminated 
limonite i s present i n some of the o s s i c l e s , and gives a pinkish 
colour to the band specimen. 
I n the Leyburn d i s t r i c t of Wensleydale, the normal streaky 
s i l i c e o u s limestones of the Richmond Chert Series contain, i n t h e i r 
C r i n o i d a l limestone, Richmond Chert S e r i e s , Leyburn road metal 
quarry, x 35* Organic debris and a s i n g l e c l e a r quartz g r a i n ( t o p 
r i g h t ) cemented by c a l c i t e . Elsewhere i n the same s l i d e , t he 
cement i s a f i n e - g r a i n e d i n o r g a n i c c a r b o n a t e - s i l i c a m i x t u r e . 
-
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An approximately s p h e r i c a l body of pure limestone (supposedly from 
the Mam Limestone} embedded i n st r e a k y s i l i c e o u s limestone o f 
the Richmond Chert Series, Leyburn road metal quarry. 
lower part, occasional enclosed nodules of pure grey limestone. 
These nodules are approximately s p h e r i c a l , and average about 3 M i n 
diameter. Tbe bedding beneath them i s considerably distorted, but 
i t flows smoothly over the top of the nodules (Plate 16B, p. 191). 
This could only have happened i f the limestone nodules were dropped 
into the unconsolidated material during i t s deposition. I n t h i s 
region, the cherts r e s t with noticeable unconformity on tbe Main 
Limestone (see Chapter 7» p. 168), and nearby tbe Main Limestone was 
probably being subjected to sub-aerial erosion. As the lithology 
of the nodules compares d i r e c t l y with that of tbe underlying Main 
Limestone, i t i s suggested that they are pebbles of that limestone 
which have either r o l l e d or been c a r r i e d into the sea from the 
nearby land, and dumped into tbe c a l c i t e - s i l i c a mud during tbe time 
of deposition of the lower part of the Richmond Chert S e r i e s . 
A highly c h a r a c t e r i s t i c f o s s i l which occurs throughout tbe 
Richmond Chert S e r i e s , and which i s p a r t i c u l a r l y abundant i n i t s 
upper part, i s the supposed s i l i c e o u s sponge Hyalostelia. Separate 
body spicules and bundles of anchoring spicules have, by association, 
been assigned to the same little-understood genus. The bundles of 
anchoring spicules (as much as 3 feet i n length) are by f a r tbe most 
common remains, and occur i n very large numbers l y i n g h o r i z o n t a l l y 
along the bedding (Plate 17A, p. 192). Thin sections of these 
sp i c u l e s show them to be composed mainly of r a d i a l f i b r e s of colour-
l e s s secondary chalcedony ( R . I . s near 1.542), which has evidently 
r e c r y s t a l l i s e d from tbe o r i g i n a l material of which they were formed. 
Often a central canal i s f i l l e d by c a l c i t e , but sometimes the 
chalcedony continues r i g h t across tbe section, and the canal i s not 
apparent. A vague concentric structure i s commonly v i s i b l e i n 
rxaxe 1/ 
I I 
I I N 
r • S i 
item®* * Ml 1 t i 
•••••.'- ?> t.j 
i 
I f 
! 
0r 
A. Lengths of H y a l o s t e l i a anchoring s p i c u l e s l y i n g along the 
bedding i n s i l i c e o u s limestone of the Richmond Chert S e r i e s , 
W b i t c l i f f e Scar. 
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B. Cross-sections o f g y a l o s t e l i a from the Richmond Chert Series, x 35 
I ^ ^ ^ r a ^ e m | n ^ V " ^ c r y s t a l l i n e s i l i c a and c a l c i t e (both 7 secondary) are i l l u s t r a t e d . Small dark carbonate 
£ ^ m ^ \ ^ U ? throughout the s l i d e , i g n o r i n g mineral boundaries, iae m a t r i x i s of f i n e - g r a i n e d carbonate and brown s i l i c a . 
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t h i n section, with i r r e g u l a r arcuate alternations of c a l c i t e and 
chalcedony (Plate 17B, p. 192). Close examination of a fractured 
longitudinal s e c t i o n i n band specimen shows t h i s effect to be due 
to a globular form adopted by the chalcedony, and not to any true 
concentric structure i n the spicule. The evidence can be taken as 
pointing to replacement by both c a l c i t e and s i l i c a , i t being d i f f i -
c u l t to t e l l what the o r i g i n a l composition and structure of these 
spicules may have been. But the f a c t that most of them (including 
those i n the r e l a t i v e l y pure limestone nodules) are now composed 
mainly of s i l i c a may be taken as i n d i c a t i n g a probability that they 
were o r i g i n a l l y s i l i c e o u s . 
There i s evidence of secondary s i l i c i f i c a t i o n at some horizons 
i n the Richmond Chert S e r i e s , p a r t i c u l a r l y i n the l e n t i c u l a r 
c r i n o i d a l reef limestones i n the upper part of the s e r i e s . Nodules 
and l e n t i c l e s of pale f l i n t y chert which, by t h e i r cross-cutting 
f i e l d r e l a t i o n s h i p , are c l e a r l y subsequent, are by no means uncommon. 
In t h i n section, these nodules are seen to consist of about 3 parts 
of colourless chalcedony ( i n fibrous r a d i a l aggregates) to 1 part of 
carbonate. The carbonate takes the form of ragged r e s i d u a l patches 
of c a l c i t e (including recognisable corroded c r i n o i d o s s i c l e s ) 
together with newly-formed brown rhombs of dolomite (up to 0.4- mm. 
long diagonal). The l a t t e r are taken to be secondary a f t e r the 
o r i g i n a l carbonate which was not removed during the introduction of 
secondary s i l i c a , the l a t t e r presumably being derived by solution 
from the surrounding material before complete l i t b i f i c a t i o n . 
A horizon which has proved to be remarkably constant over 
much of the north side of Swaledale i s a band of very pale chert 
which has been named the Marske Chert Band (see Chapter 6, p.142). 
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A. White c h e r t of the Marske Band, Hurst. This specimen i s 
crowded w i t h casts of c r i n o i d fragments. 
B. Marske Chert Band, C l i n t s Wood, Marske. x 47. Calcareous 
s p i c u l e s ( c l e a r , high r e l i e f ) and a few s p i c u l e s of S o m 
r a t h e r i l v ^ J ^ r ? ^ 1 7 ^ T ^ 1 ^ oScareo'us) s e ? ° S 
^ S r a ! S i S a l ^ ^ ^ 8 t i a i i M chalcedony'with 
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This chert i s generally f l i n t - l i k e , extremely hard but b r i t t l e , 
normally dead white on a weathered surface but a pale creamy-pink 
colour on a fresh surface. I t commonly contains cast s of calcareous 
f o s s i l s , impressions of c r i n o i d stems up to %" i n diameter often 
being present (Plate 18A, p.193). Thin sections show t h i s chert 
to be p a r t l y secondary i n o r i g i n . Corroded r e l i c s of calcareous 
f o s s i l s occur scattered throughout the rock, but most of i t i s 
composed of e n t i r e l y m i c r o c r y s t a l l i n e s i l i c a i n which organic s t r u c -
tures can be seen. Calcareous spicules which have r e s i s t e d 
s i l i c i f i c a t i o n are not uncommon, and are l o c a l l y abundant ( P l a t e 18B, 
p.193). The degree of s i l i c i f i c a t i o n v a r i e s i n differ e n t parts of 
t h i s band, and sometimes the o r i g i n a l pale brown almost i s o t r o p i c 
s i l i c a ( R . I . s near 1.536) i s s t i l l present i n part. Some s l i d e s 
show small rhombs of secondary carbonate i n the s i l i c a . At the 
top of Downholme quarry, south of Marske (982113), where the band 
i s p a r t i c u l a r l y strong, i t i s composed e n t i r e l y of mi c r o c r y s t a l l i n e 
s i l i c a , which contains c a v i t i e s l i n e d with botryoidal fibrous r a d i a l 
aggregates of s i l i c a . Much of the s i l i c a i s pale brown, but c l e a r 
colourless patches may represent areas where o r i g i n a l carbonate has 
been replaced. I n every l o c a l i t y there i s evidence of at l e a s t 
some replacement by secondary s i l i c a at t h i s horizon, and f o r t h i s 
to have taken place i n a s i n g l e bed over such a wide area, i t seems 
necessary to postulate a penecontemporaneous a l t e r a t i o n . 
The Cauda G a l l i markings ( P l a t e 19A, p.194) which are so 
c h a r a c t e r i s t i c of the surfaces of partings i n s i l i c e o u s limestones 
of the Richmond Chert Series i n many places have long been supposed 
to be of organic origin. I n Bleaberry Beck (Kaber F e l l , 085853) 
parts of t h i s horizon are i n exactly the r i g h t state of decomposition 
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A. Typical Cauda G a l l i markings on a parting i n s i l i c e o u s limestone, Richmond Chert Ser i e s , near Reeth. (Specimen i n c o l l e c t i o n of Geology Dept., Durham). 
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to show that the markings are due to parting along highly proble-
matical structures i n the s i l i c e o u s limestone. These structures 
( P l a t e 19B, p. 194), which are p a r t i c u l a r l y well developed i n a 
specimen of massive s i l i c e o u s limestone from Sleigbtholme Beck, 
opposite Bog Scar (957107), cons i s t of more or l e s s horizontal l a y e r s , 
between 1 and 4 mm. thic k , which are seen i n t h i n section to be f i l l e d 
with material of s i m i l a r composition to that of the bulk of the 
rock. They sometimes extend over an area of at l e a s t a square foot, 
and frequently cross one another at angles of up to 20°, some 
c l e a r l y being l a t e r i n o r i g i n than others. The material inside 
these l a y e r s i s disposed ( i n v e r t i c a l section) i n alt e r n a t i n g l i g h t 
and dark cusp-shaped bands l i k e a s e r i e s of C's, with the d i r e c t i o n 
of the cusp being d i f f e r e n t i n adjacent l a y e r s . A horizontal 
section along these l a y e r s , which i s displayed by any Cauda G a l l i 
marked surface of t h i s rock, shows these a l t e r n a t i n g bands to be 
arranged i n a roughly concentric pattern, but the paler, more c a l -
careous bands are discontinuous and appear to be set i n the darker, 
more s i l i c e o u s material. Because of the way i n which the l a y e r s 
cut one across the other, they must be of post-depositional orig i n , 
and have been formed beneath the surface. They are also almost 
c e r t a i n to have been formed before l i t h i f i c a t i o n . Because of the 
l a t e r a l area over which i n d i v i d u a l layers occur, i t i s d i f f i c u l t to 
conceive any organism which could have produced such planar s t r u c t -
ures by burrowing. I t i s j u s t possible that there may have been 
a species of alga l i v i n g at that time which could l i v e and spread 
l a t e r a l l y i n colonies beneath the surface, and thus have pushed 
the unconsolidated mud aside to form these structures. But i t i s 
equally d i f f i c u l t to f i n d a s a t i s f a c t o r y sedimentary process which 
might produce them. They cannot be due to small-scale current-
bedding because they must be of post-depositional o r i g i n , and the 
only c l a s t i c material present i s fragmentary organic debris. They 
are u n l i k e l y to be slump structures because of t h e i r r e g u l a r i t y ,. 
L a t e r a l movement between the top and bottom of the l a y e r s would not 
produce the observed C-sbaped bands. I n j e c t i o n of mud into cracks 
i n the semi-consolidated material would also not produce such 
regular banding. So i n spite of the f a c t that Cauda G a l l i markings 
can be seen to be derived from these problematical structures, and 
are therefore d e f i n i t e l y not surface e f f e c t s such as fucoid markings, 
there i s not yet s u f f i c i e n t evidence to be able to decide on t h e i r 
primary orig i n , or even to decide whether they are due to an 
organism or a sedimentary e f f e c t . 
(d) Origin and transport of the s i l i c a 
The e s s e n t i a l feature which microscopic study of these cherts 
reveals i s that of contemporaneous deposition of s i l i c a together 
with carbonate and argillaceous material i n varying proportions. 
Evidence has e a r l i e r been produced for the presence of depositional 
s i l i c a i n the Underset and Main Limestones, and the process must 
have continued f or some time a f t e r limestone formation ceased. 
There i s no evidence of any organic o r i g i n f o r the s i l i c a (apart 
from the B y a l o s t e l i a s p i c u l e s which, i f they were o r i g i n a l l y s i l i c e o u s , 
must also have obtained t h e i r s i l i c a from some outside source), and 
the only reasonable explanation f o r the o r i g i n of amorphous material 
of t h i s nature i s one of primary deposition, probably as a gel. I t 
i s estimated by Clarke (1924) that no l e s s than 519 m i l l i o n tons of 
s i l i c a i n c o l l o i d a l form are taken down to the sea by the r i v e r s of 
the world every year, t h i s figure being second only to that f o r CaCO*. 
I n t r o p i c a l regions, where l a t e r i t i c decomposition i s taking place, 
dissolved s i l i c a i s often a p a r t i c u l a r l y abundant constituent i n 
r i v e r waters. The Amazon water, f o r instance, apparently contains 
among i t s dissolved s o l i d s over 28% S i 0 2 , compared with 39% CaCOy 
But i t i s a s t r i k i n g f a c t that sea water contains p r a c t i c a l l y no 
s i l i c a , and i t has been calculated (Rankama and Sahama, 1950) 
that the concentration of s i l i c a i n sea water i s of the order of 0.02 
grams per ton, which compares with an average of over 17 grams per 
ton for r i v e r waters. I t follows that p r e c i p i t a t i o n of the s i l i c a 
by sea water must be almost complete, and the process v i s u a l i s e d 
i s one of simultaneous deposition of CaCO^ together with c o l l o i d a l 
s i l i c a as a gel i n a shallow epicontinental sea, off the mouth of 
a large r i v e r . This theory was advocated by Sargent i n 1923> and 
l a t e r (1929) extended by him to account f o r many v a r i e t i e s of chert, 
including those of North Yorkshire. 
The method of p r e c i p i t a t i o n , however, can evidently not be a 
simple one of f l o c c u l a t i o n by e l e c t r o l y t e s , as i s sometimes supposed 
(and as i s demonstrably the case with c o l l o i d a l f e r r i c hydroxide), 
because s i l i c a forms a hydropbilic c o l l o i d , and the large proportion 
of adsorbed water renders i t very i n s e n s i t i v e to normal e l e c t r o l y t i c 
e f f e c t s . Correns (1951) has published curves of s o l u b i l i t y against 
changing pH which show that the s o l u b i l i t y of s i l i c a gel gradually 
increases with increasing pH, while that of CaCO^ decreases very 
rapidly with increasing pH. The pH values of average sea water 
(7.5-8.4) and r i v e r water with dissolved CaCO^ (8.0-8.4) are so 
l i t t l e d i f f e r e n t that changes of pH are most u n l i k e l y to cause any 
p r e c i p i t a t i o n of s i l i c a . Correns' curves do show, however, that at 
a pH of 8 the s o l u b i l i t y of CaCO, i s about 40 mg/litre, whereas that 
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of S i 0 2 gel i s about 280 mg/litre. This implies that tbe concentra-
t i o n of s i l i c a must reach a s u r p r i s i n g l y bigb value before i t can be 
pr e c i p i t a t e d as a gel, whereas OaCO^ can be pr e c i p i t a t e d from a 
solution with a r e l a t i v e l y low concentration. This could have 
explained the r a r i t y of deposits of o r i g i n a l l y c o l l o i d a l s i l i c a , 
because a s u f f i c i e n t l y high concentration f o r p r e c i p i t a t i o n would 
not often be reached. But t h i s high s o l u b i l i t y of s i l i c a at high 
pH values i s not observed i n natural sea water, as noted above, and 
the f a c t remains that only a t r a c e i s normally present, despite the 
considerable s i l i c a content of the incoming r i v e r waters. More 
promising were the r e s u l t s of experiments c a r r i e d out by Tarr i n 
1917) who succeeded i n showing that calcium bicarbonate i s an 
important p r e c i p i t a n t of c o l l o i d a l s i l i c a . He s t r e s s e s that pre-
c i p i t a t i o n i n nature i s apparently f a r more complete than was the 
case i n any of his experiments, and there would appear to be further 
f a c t o r s a f f e c t i n g the process which he was unable to simulate. But 
calcium bicarbonate would undoubtedly be present i n sea water from 
which calcium carbonate was being p r e c i p i t a t e d , and the close 
a s s o c i a t i o n of c a l c i t e and s i l i c a i n nature can thus be at l e a s t 
p a r t i a l l y explained. 
I t i s not known i f t h i s type of deposition i s taking place 
anywhere today, but the f a c t that cherts such as those under con-
s i d e r a t i o n are uncommon i n the s t r a t i g r a p h i c a l column would suggest 
that i f the s i l i c a i s to be brought into the sea by a large r i v e r , 
there would have to be an unusually r i c h source of soluble s i l i c a 
somewhere i n i t s catchment area to make i t s waters more s i l i c a - r i c h 
than those of other r i v e r s . I t may be argued that such an environ-
ment of deposition would be t o t a l l y unsuited to the l i f e which 
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evidently f l o u r i s h e d i n that sea from time to time. But the actual 
composition of the sea water would be l i t t l e different" from the 
normal because i t i s apparently incapable of taking more than a 
trace of s i l i c a into solution. The s i l i c a dissolved i n fresh water 
appears to be p r e c i p i t a t e d soon a f t e r i t comes into contact with sea 
water, and the process of actual deposition of t h i s amorphous material 
would be the only deterrant to l i f e . 
The v a r i a t i o n s of l i t h o l o g i c a l type within the cherts are 
explained i f deposition of CaGO^ at a constant rate i s supposed, 
but that the rate of i n f l u x of s i l i c a and argillaceous matter were 
variable over quite wide l i m i t s , as would be the case with r i v e r -
borne material. I t i s evident that carbonate was present i n varying 
proportion throughout the period of chert deposition (even though 
secondary s i l i c i f i c a t i o n has subsequently removed much of i t from 
c e r t a i n r e s t r i c t e d horizons), and i t follows that the most s i l i c a -
r i c h beds would be those of most rapid deposition. The pale brown 
colour which, i n transmitted l i g h t , c haracterises the s i l i c a here 
thought to be primary, has often been noticed by previous w r i t e r s , 
and Sargent (1929) attributed i t to an o p t i c a l ef f e c t . To determine 
whether or not organic carbon might be a contributory f a c t o r to the 
colour, a t h i n s l i c e of chert was heated to a temperature estimated 
to be about 65O°0 ( a d u l l red h e a t ) , which was maintained for % hours. 
When the s l i c e was subsequently mounted f o r study under the micro-
scope, no difference could be detected between i t and the untreated 
material, and i t i s concluded that i n t h i s case an opti c a l e f f e c t i s 
the most probable cause of the colour. 
Recently, Folk and Weaver (1952) have studied fracture sur-
faces of chert with the a i d of the electron microscope, and they have 
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shown that the i n t e n s i t y of the brown colour often associated with 
these rocks i s proportional to the number of minute spherical water-
f i l l e d c a v i t i e s which are enclosed i n the chalcedony. They show 
that chalcedony without these bubbles has the same o p t i c a l properties 
as normal quartz., and conclude that chalcedony i s merely micro-
c r y s t a l l i n e quartz containing a v a r i a b l e proportion of water i n these 
spherical c a v i t i e s , the brown colour being probably due to a complex 
dispersion e f f e c t . I f the colouration i n the cherts under consider-
a t i o n i s due to t h i s cause, i t follows that the c a v i t i e s must have 
been present throughout the whole course of c r y s t a l l i s a t i o n of the 
chalcedony, because the colour i s the same, regardless of the stage 
reached by c r y s t a l l i s a t i o n . The separation into d i s c r e t e phases 
of s i l i c a and water would then have occurred during the process of 
l i t h i f i c a t i o n . 
The f a c t that the secondary s i l i c a i s always completely 
colourless suggests, on the evidence of Folk and Weaver, that i t i s 
normal quartz and does not contain any w a t e r - f i l l e d bubbles. 
C e r t a i n l y a replacement deposit would not be expected to contain 
c a v i t i e s , but the r e f r a c t i v e indices of much of t h i s secondary s i l i c a 
are s t i l l j u s t below that of balsam, and therefore i t has not the 
o p t i c a l properties of normal quartz. The mechanism of replacement 
i s not properly understood, but the f a c t that small subsequent 
carbonate rhombs are embedded i n t h i s s i l i c a implies that actual 
r e c r y s t a l l i s a t i o n has taken place at c e r t a i n horizons. This i s 
most l i k e l y to have happened shortly a f t e r deposition, probably before 
complete l i t h i f i c a t i o n , i n which case the source of t h i s secondary 
material would merely be the fresh deposits of the immediate surround-
ings. I t i s known that opal i s appreciably soluble, e s p e c i a l l y i n 
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a l k a l i n e waters, and. presumably the s i l i c a would be f a r more prone 
to replacement before i t bad l i t b i f i e d and separated into two d i s t i n c t 
phases. 
A theory put forward by Wroost (1936) to account f o r the 
concentration of s i l i c a to form f l i n t nodules i n the chalk was con-
sidered i n connection with t h i s secondary s i l i c i f i c a t i o n . Wroost 
v i s u a l i s e d the adsorption of free CO^ ions from atmospheric carbonic 
a c i d by s i l i c e o u s spicules which, by rendering the s i l i c a mobile, 
enabled i t to move downwards i n c o l l o i d a l form i n ground waters, 
to be deposited as a gel at a higher pressure l e v e l where s o l u b i l i t y 
of the chalk would be increased. There are a number of objections 
to t h i s mechanism, among which i s the fact that the presence of 00^ 
ions i n solution i s most u n l i k e l y from a physico-chemical standpoint, 
hydroxyl ions being much more probable. I n such an environment, 
saturated with respect to carbonate, i t i s also u n l i k e l y that the 
solution w i l l be acid. To t e s t t h i s , the pH value of lime water 
containing i n solution j u s t enough 00 2 to convert carbonate to 
bicarbonate was measured and found to be 7.0, in d i c a t i n g a neutral 
solution. I t i s therefore concluded that the assumption of an a c i d 
solution, on which much of Wroost fs theory appears to r e s t , i s 
unsound, and that secondary transport of s i l i c a i s unli k e l y to have 
taken place by such a mechanism. I t i s much more probable that i n 
the case of the cherts under consideration, secondary s i l i c i f i c a t i o n 
took place penecontemporaneously with deposition. 
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CHAPTER 10 
GLACIAL AH) POST-GLACIAL DEPOSITS 
During tbe period of maximum g l a c i a t i o n i n tbe Nortb of 
England, not only were tbe Pennine b i l l s ice-covered and tbe v a l l e y s 
f i l l e d by l o c a l g l a c i e r s , but a stream of i c e from a centre i n tbe 
Lake D i s t r i c t was forced up over the Stainmore depression and flowed 
eastwards between the boundaries of the l o c a l Pennine ice-sheets 
covering tbe upland areas now termed the Alston and Askrigg blocks. 
This stream (here c a l l e d the Stainmore i c e ) c a r r i e d with i t many 
boulders of rocks p e c u l i a r to the Lake D i s t r i c t , and tbe former extent 
of tbe Stainmore i c e can be gauged from the area within which these 
e r r a t i c boulders are now found. Tbe ground covered by tbe present 
survey i s i n t e r e s t i n g from tbe g l a c i a l point of view because i t 
includes deposits from both the l o c a l ice-sheet and the Stainmore 
i c e , and the junction between the two has been followed for over 
12 miles, as f a r east as Richmond. Beyond Swaledale, the Stainmore 
i c e turned and flowed SSE down the Vale of "York, and e r r a t i c s 
deposited by i t have been found south of tbe Humber. 
Tbe f i r s t mention of f a r - t r a v e l l e d e r r a t i c s i n tbe area i s 
to be found i n P h i l l i p s 1 work (1836, p.162), where boulders of Shap 
granite are recorded from tbe Stainmore Pass, and further east i n 
Teesdale, the v a l l e y of the .Greta, and around Richmond. I t was not 
u n t i l some time l a t e r that the method of transport of these e r r a t i c s 
was r e a l i s e d , however, and the f i r s t work of importance on tbe 
g l a c i a t i o n of t h i s part of tbe Pennines was done by Goodchild (1875), 
who extended further nortb tbe methods i n i t i a t e d by Tiddemann (1872) 
i n north Lancashire and south Yorkshire. Goodchild traced tbe 
southern l i m i t of Sbap e r r a t i c s west of Stainmore, and f i r s t r e -
cognised the former presence of the i c e sheet which was centred on 
the high ground between the headwaters of the Swale and the Ure. 
He also produced evidence to show that some of t h i s i c e , as w e l l as 
flowing eastwards down the two major dales, t r a v e l l e d northwards 
across the upper part of Swaledale and over the Swaledale-Teesdale 
watershed i n the region of Tan H i l l , where i t l e f t abundant s t r i a e . 
He showed that once over the watershed, t h i s i c e flowed eastwards 
along the northern edge of the high f e l l s , and acted as a b a r r i e r 
to prevent the Stainmore i c e from turning SB down Arkengarthdale. 
H. O a r v i l l Lewis (1894) extended, and added further d e t a i l to 
Goodchild's work, concluding that the ice-sheet was centred on 
Mallerstang. He was also of the opinion that the Swaledale g l a c i e r 
t r a v e l l e d no f u r t h e r east than Reeth, and l e f t lower Swaledale 
an i c e - f r e e v a l l e y . Some of the more s t r i k i n g g l a c i a l features i n 
the v i c i n i t y of Hichmond were subsequently recognised by Kendall and 
Hdroot (1924), whose work was amplified and extended by R a i s t r i c k 
(1926) i n a paper on the g l a c i a t i o n of Wensleydale, but he added 
much d e t a i l on the g l a c i a t i o n of the dates themselves, and on the 
interplay between the Stainmore i c e and that from t h e . l o c a l centre. 
I t i s t h i s work by R a i s t r i c k which has been continued by the present 
contribution. 
( i ) Deposits of the .local ice-sheet 
These deposits occur: as i s o l a t e d patches of boulder clay on 
the high ground, and also as t h i c k e r and b e t t e r preserved masses 
of d r i f t lower down i n the v a l l e y s . The former are i n an extremely 
weathered s t a t e , and are generally quite t h i n . On the whole they 
are very poorly exposed (due to extensive peat cover), but can be 
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seen i n the bottom of peat baggs around the f e l l tops "between 
Arkengartbdale Head and the Harker Moss channel (nortb of Marske). 
These deposits consist largely of l o c a l material which bas not 
t r a v e l l e d very f a r , and wbicb i s set i n a cl a y matrix of va r i a b l e 
proportion, sometimes having been almost e n t i r e l y leacbed away. 
I t i s l i k e l y , as stated by R a i s t r i c k , that t h i s high-level d r i f t 
once formed a more or l e s s continuous sheet of boulder clay, and has 
since been reduced by weathering and erosion to i t s present patchy 
st a t e . East of the Harker Moss channel the d r i f t i s , i f anything, 
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even more patchy, but there i s much l e s s peat. There are large 
areas (mainly dip slopes) on the Main Limestone and the Richmond 
Chert Series which are devoid of any s u p e r f i c i a l cover. But on 
Marske Moor, between 1 and 2 miles north of Marske, various excavat-
ions on the Army Range have revealed g l a c i a l d r i f t more than 6 1 i n 
thickness over an area of about % square mile. This consists 
l a r g e l y of sub-angular fragments from the underlying Richmond Chert 
S e r i e s , s e t i n a v a r i a b l e matrix of rather sandy clay. 
I n marked contrast to t h i s high l e v e l d r i f t i s that found 
lower down i n the v a l l e y s , p r i n c i p a l l y i n Swaledale and i t s north-
bank t r i b u t a r i e s Marske Beck and Clapgate Beck. I n the neighbourhood 
of Marske, d r i f t covers the sides of Swaledale generally up to about. 
100 1 above the l e v e l of the r i v e r . There i s an extensive spread 
up Marske Beck as f a r as i t s confluence with Throstle G i l l , and a 
good sec t i o n of d r i f t some 50' high occurs i n the west bank, to the 
east of T e l f i t Farm. Here the section i s of true boulder clay, 
s t r i a t e d boulders (mainly of l o c a l Yoredale mate r i a l ) often being 
over 18" across. Downstream towards Marske the d r i f t boundary r i s e s 
up the v a l l e y sides to be nearly 200' above the beck around Skelton 
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and i n Hag G i l l (west of Marske). The f l o o r of tbe v a l l e y c o n s i s t s 
of gently undulating drift-covered ground, up to 400 yards wide, 
which opens out into Swaledale i t s e l f where d r i f t extends across 
the v a l l e y for up to 2/3 mile (Plate 20A, p. 207)* This covering 
of d r i f t i n the v a l l e y bottom i s breached by the lowest reaches of 
Glapgate Beck, which affords a good section of boulder c l a y i n excess 
of 50* i n thickness, and a l l the way up Clapgate Beck (as f a r as Low 
Feldom) d r i f t occurs on both sides of tbe v a l l e y obscuring tbe s o l i d 
rock to a greater or l e s s e r extent. I t i s very well seen from tbe 
road up Clapgate Bank, i n tbe v i c i n i t y of which the v a l l e y sides up to 
150' above tbe beck are plastered with moundy boulder clay, im-
parting the t y p i c a l hummocky topography of drift-covered ground. 
These v a l l e y deposits are so much better preserved than 
those found at higher l e v e l s that there can be l i t t l e doubt, as 
R a i s t r i c k says, that they are of considerably l a t e r date, and that 
they were deposited by v a l l e y g l a c i e r s which existed long a f t e r 
the ice-sheet as a whole had gone. I t i s c l e a r that the Swaledale 
g l a c i e r flowed the f u l l length of the dale, and i n t h i s connection 
the record of a s e r i e s of bore holes sunk near the centre of the 
v a l l e y i n 1923 f o r a water supply f o r C a t t e r i c k Camp i s of i n t e r e s t . 
They were located about 1% miles west of Richmond, near Lownethwaite 
Bridge, and proved up to 187* of loose material. About 170' of 
t h i s i s below the present r i v e r l e v e l , and the upper part of i t was 
apparently boulder clay, while near the base were recorded blocks 
of s i l i c e o u s limestone, evidently part of a p r e - g l a c i a l l a n d s l i p 
into the very deep gorge i n which tbe Swale then flowed. So the 
d r i f t covering the f l o o r of tbe v a l l e y i s seen to be very much 
t h i c k e r than tbe surface exposures would suggest, and tbe r e t r e a t 
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of the Swaledale g l a c i e r from the Richmond area westwards i n the 
di r e c t i o n of Reeth must have "been continuous, because there i s no 
sign of any morainic deposit downstream of the excellent terminal 
moraine at E l l e r t o n . I t was doubtless t h i s f a c t that l e d O a r v i l l 
Lewis to the conclusion that the g l a c i e r reached no further down 
the dale than that point. 
The g l a c i a l deposits of Arkengartbdale contain no Lake 
D i s t r i c t e r r a t i c s (as was f i r s t noted by Goodchild), and the g l a c i e r 
which f i l l e d t h i s v a l l e y must have been an in t e g r a l part of the 
system evolved by the ice-sheet centred on Mallerstang. Much of 
the i c e which flowed northwards over the watershed near Tan H i l l 
must have l a t e r turned SE to flow down the dale, but Arkengarthdale 
Head was evidently a c r i t i c a l point as f a r as t h i s stream was con-
cerned. Large mounds of i l l - s o r t e d d r i f t have been dumped i n the 
region between Sleightholme and Oleasby H i l l , and the i c e must have 
been held up here f o r some time to have deposited a l l the morainic 
material which now forms Coney Seat H i l l , Bow H i l l s , Redmire H i l l s , 
Ling Pulled H i l l , Stoney H i l l , Suet Set H i l l s and Seven H i l l s . 
The l a s t mentioned, i n p a r t i c u l a r , c o n s i s t s of a highly i r r e g u l a r and 
complex mound of rather angular d r i f t . The d r i f t boundary r i s e s 
up to a height of 1400* on the western side of Oleasby H i l l , but 
f a l l s away both north and south. Evidently the i c e stream p i l e d 
up i n t h i s region, undecided i n which d i r e c t i o n to continue, u n t i l 
most of i t was diverted down Arkengarthdale by the pressure of the 
Stainmore i c e to the north. Some of i t managed to get round the 
north side of Cleasby H i l l , where i t has l e f t s t r i a t i o n s trending 
between 040° and 080° on the top of the Upper Coal S i l l along White 
Crag. This stream bounded the Stainmore i c e and kept the l a t t e r 
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further north than would otherwise have "been the case, "but the 
g l a c i a l deposits of upper Arkengartbdale are so t h i c k and extensive, 
and include so much g r i t from the v i c i n i t y of Tan H i l l , that there 
i s l i t t l e doubt that most of the i c e stream found i t s way down 
Arkengarthdale to r e j o i n the Swaledale i c e at Reeth. The l a t t e r 
was much the stronger, however, and the i c e from the north deposited 
an extensive terminal moraine which blocked the SE -end of Arken-
garthdale f o r a mile above Reeth. This has now been breached by 
Arkle Beck, which runs f or some distance through a narrow gorge of 
boulder clay before emerging onto the flood p l a i n of the Swale. 
There were a s e r i e s of lake systems i n Swaledale associated 
with the r e t r e a t of the i c e , which are now marked by overflow 
channels i n varying degrees of preservation. These systems have 
been adequately described by R a i s t r i c k , and there are no fu r t h e r 
d e t a i l s of importance to add to his work. But a former g l a c i a l 
lake on the watershed between Arkengarthdale and Sleightholme Beck 
i s worthy of mention. The s i t e of t h i s lake, which was about 
1% miles long, i s now a broad f l a t peat-covered hollow running from 
Mud Beck across Adjustment Bottom and Rushy Moor Bottom to the head 
of Hound Beck at 1220' O.D. The Arkengarthdale g l a c i e r must have 
closed t h i s area to the south, and melt waters were accumulated to 
form a lake. This overflowed over the watershed a t i t s northern 
end, and a channel (now the s i t e of Hound Beck) was rapidly cut into 
the shales beneath the Lower Coal S i l l . This channel i n turn fed 
another lake, the s i t e of which straddles Sleightholme Beck imme-
dia t e l y north of Sleightholme i t s e l f . This second lake drained 
northwards along the l i n e of the present beck, a process which 
contributed l a r g e l y to the cutting of the gorge through the Coal 
P l a t e 20 
A. Lower Swaledale, from the west. Richmond and the V a l e of York 
are i n t h e background. S o l i d rock i s exposed i n the wooded 
s c a r s on e i t h e r s i d e of the dal e , but d r i f t (some 200' t h i c k ) 
now extends a l l the way a c r o s s the f l o o r of the v a l l e y . 
B. The southern end of the Feldom l a t e r a l moraine ( h e r e some 
60' h i g h ) from the north , with Swaledale and C a t t e r i c k Camp SfST??^ ,, ^ v / a s h sands and g r a v e l s form the gen t l e slope i n t o Sf l f ^~ f £: e e r o u n < J o n the r i g h t , c o n t r a s t i n g s t r o n g l y with 
the d r i f t - c o v e r e d hummocky ground to the l e f t . 
S i l l s north of Bog Scar, 
( i i ) Deposits of the Stainmore i c e 
( a ) Moraines 
One of tbe most s t r i k i n g features of tbe country west of 
Richmond and north of lower Swaledale i s a ridge of morainic d r i f t 
which runs along the south side of Barningham and Gayles Moors (near 
tbe watershed between Swaledale and the G i l l i n g v a l l e y ) to end 
abruptly on Richmond Out Moor. This ridge i s up to 60* high, and 
presents a steep slope to the north and HE, but a much more gentle 
one on i t s other side (Plate 20B, p.207). There are many e r r a t i c s 
of Shap granite (and a few from tbe Borrowdale Volcanic S e r i e s ) 
along t h i s moraine, but no f a r - t r a v e l l e d boulders have been found 
south or SW of i t , from which i t i s c l e a r that t h i s i s the highest 
l a t e r a l moraine l e f t by the Stainmore i c e . I t was f i r s t recognised 
as such by Kendall and Wroot, who noted that i t could be followed 
on the ordinary topographical map for part of i t s length, and 
R a i s t r i c k subsequently traced i t to i t s western extremity, naming 
i t tbe Feldom moraine a f t e r i t s most excellent development on 
Feldom Moor. I n a l l , i t i s about 6 miles long, and makes a quite 
unmistakable feature. R a i s t r i c k mentions another moraine to the 
south of tbe Feldom moraine, which he says makes How Tallon Ridge. 
But t h i s ridge i s e n t i r e l y s o l i d , many exposures of the Main Lime-
stone occurring along i t , and there i s no doubt that tbe Feldom 
moraine marks tbe maximum advancement of the Stainmore i c e . 
Outside the moraine, tbe d r i f t i s very patchy and exposures 
are good, i n strong contrast to the ground inside the moraine which 
was overridden by the i c e from tbe Lake D i s t r i c t . Here, boulder 
clay i s dominant, and exposures are r e l a t i v e l y very poor. Tbe 
r o l l i n g , sometimes bummocky,• topography of tbe ground moraine i s tbe 
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dominant feature of the landscape, and features do not often have 
a s o l i d foundation. But there are a s e r i e s of ridges north of the 
Seldom moraine, and roughly p a r a l l e l to i t , which make features of 
very varying strength lower down the h i l l s i d e . These ridges are 
frequently breached by small streams, sections i n which show them 
to consist e n t i r e l y of boulder clay, and the ridges c l e a r l y represent 
a s e r i e s of l a t e r a l moraines deposited by the Stainmore i c e during 
b r i e f h a l t s i n the r e t r e a t stage. I t i s noticeable how much l e s s 
w ell defined these moraines are than the one which runs across 
Feldom Moor, and the i c e must have remained at i t s highest l e v e l 
f o r some considerable time to have produced such a s t r i k i n g deposit. 
The highest of the r e t r e a t stage moraines runs across 
S c a r g i l l Moor at about 1050' O.D., some 250' below the Feldom 
moraine. I t i s breached by Scale Knoll and Woodclose G i l l s , which 
expose at l e a s t 60' of boulder clay. I t cannot be followed across 
Hope and S c a r g i l l Becks, i n the v i c i n i t y of which there i s an 
unbroken and very t h i c k deposit of d r i f t , but north of the l a t t e r 
i t i s picked up again at the same height, and i s followed westwards 
beneath Spanbam as f a r as B l l e r Beck. The second moraine of t h i s 
s e r i e s can be traced from a point % mile south of Gayles f o r 5}£ 
miles, as f a r as Newsham Pasture (south of Barningham). The ridge 
i s 150' high SW of Dalton, where i t i s surmounted by the road up 
Long Bank, and Dalton Beck provides a section of over 100' of 
boulder clay i n the banks beneath the old f o r t r e s s of Ca s t l e Steads. 
This moraine i s probably continuous with the one which runs across 
S c a r g i l l Low Moor i n the d i r e c t i o n of Bowes, as f a r as Farewell Farm. 
An excellent section of t h i s i s afforded by Thwaite Beck as i t turns 
through a right angle a mile NE of Spanham to cut s t r a i g h t through 
•t«* 
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the moraine and expose 80 1 of boulder clay. Just east of t h i s 
section, tbe road leading up to Stang makes an acute double bend to 
get over tbe strong feature formed by t h i s moraine. .To tbe north 
of t h i s , Tbe Rigg i s a remnant of y e t another moraine, but t h i s 
can only be followed f o r about 2/3 mile. The d r i f t cover i n t h i s 
region i s very heavy, even between the moraines, and outcrops only 
occur i n the bottoms of the deepest v a l l e y s . A bore-hole at White 
Close H i l l (on tbe northern edge of the lowest moraine) went through 
194* of boulder clay before reaching s o l i d rock, showing that the 
d r i f t cover % mile south of tbe Greta extends below the l e v e l of 
tbe present-day r i v e r . So the p r e - g l a c i a l v a l l e y of the Greta 
between Bowes and B r i g n a l l Banks must have been considerably d i f f e r -
ent from the v a l l e y as i t i s today, modified by t h i s v a s t thickness 
of boulder clay, and the r i v e r i t s e l f would have flowed south of 
i t s present position. 
(b) E r r a t i c s 
During the course of t h i s survey, every exposed f a r - t r a v e l l e d 
e r r a t i c was mapped up to a distance of about 5 miles from the 
Peldom moraine, beyond which they become too common to need i n d i v i d -
u a l attention. By f a r the most numerous are those of Shap granite, 
the positions of over 100 of which have been entered on Plate IV 
(p.215). Their southern l i m i t coincides exactly with the p o s i t i o n 
of the Peldom moraine, which i s considerably further south than the 
boundary drawn by R a i s t r i c k . The highest Sbap e r r a t i c s were found 
at the foot of E e l H i l l , at 134-01 O.D., near the western end of the 
moraine. Most of the boulders c a l l f o r no p a r t i c u l a r comment, but 
the positions of the l a r g e s t may be mentioned. There i s one a mile 
north of B r i g n a l l Banks, near The Birks, tbe upper surface of which 
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measures 8' x 7'. Tbe r e s t of t h i s boulder i s embedded i n d r i f t , 
but i t must be extremely large, and can sca r c e l y weigh l e s s than 
about 12 tons, assuming a minimum depth of 4'. On the south side 
of the G i l l i n g v a l l e y large Sbap e r r a t i c s occur south of Gayles, 
some of which must well exceed 60 cubic f e e t . About 1% miles west 
of Melsonby there i s a boulder of sbap granite i n which tbe ortho-
c l a s e phenocrysts bear well-developed rims of another feldspar, 
apparently plagioclase (with an appearance s i m i l a r to that of 
ra p a k i v i s t r u c t u r e ) . There i s an i n t e r e s t i n g occurrence of a Shap 
e r r a t i c i n tbe yard of tbe old Paper M i l l west of Richmond (mentioned 
by R a i s t r i c k ) , and tbe finding of a s i m i l a r boulder i n Sand Beck, 
due south of Richmond, makes i t c e r t a i n that tbe Stainmore i c e must 
have crossed Swaledale at l e a s t a mile upstream from Richmond. 
There i s no evidence of morainic deposits south of Richmond Out Moor, 
but the presence of the deep gorge of Swaledale was evidently no 
obstacle to the i c e stream, which rode across i t almost at ri g h t 
angles (as shown by R a i s t r i c k , p.398). 
I t i s i n t e r e s t i n g to note that no boulders of Shap granite 
l e s s than about a foot i n diameter have been found. This rock i s 
never present i n gravels, and i t can be supposed that due to the 
large phenocrysts which i t contains, i t i s more e a s i l y crushed by 
the i c e when i t reaches a c e r t a i n c r i t i c a l s i z e (apparently a diameter 
of a foot) than other finer-grained rocks present i n tbe d r i f t . 
Grain s i z e must, within reason, be as important a f a c t o r i n t h i s 
process as the actual hardness of tbe rocks, when the l a t t e r does 
not vary widely. Boulders below tbe c r i t i c a l s i z e would then be 
p r e f e r e n t i a l l y reduced by crushing, and the absence of pebbles of 
Sbap granite would thus be explained. 
E r r a t i c s found i n the deposits of the Stainmore i c e include 
a large proportion of Carboniferous material which has evidently not 
t r a v e l l e d f a r , and the most common boulders are generally from the 
horizon over which the i c e had recently t r a v e l l e d . But the power 
of transport was large, and often these l o c a l boulders reach 5' 
diameter, and weigh over a ton. Apart from the Sbap e r r a t i c s , 
boulders of andes i t i c lavas and t u f f s from the Borrowdale Volcanic 
S e r i e s are by no means uncommon, p a r t i c u l a r l y well away from the 
edge of the g l a c i e r . They can be c o l l e c t e d from the d r i f t at the 
top of most large quarry sections, and i t i s s i g n i f i c a n t that the 
furthest t r a v e l l e d e r r a t i c s tend to be found towards the bottom of 
the d r i f t i n these quarries. This suggests that Pennine i c e played 
a greater part during the l a t e r stages of g l a c i a t i o n , and that 
exposed boulders recognised as coming from the Lake D i s t r i c t probably 
represent only a very small f r a c t i o n of those which are present 
further down i n the d r i f t , and which have not yet been exposed. 
Boulders from the Whin S i l l are found occasionally, and e r r a t i c s 
from the Yale of Eden, to the west of Stainmore, have also been 
recorded. Carboniferous Basement Conglomerate i s present i n the 
d r i f t overlying the Main Limestone i n Porcett quarry, and a reddened 
s l i g h t l y arenaceous limestone (probably Carboniferous) was found i n 
f-luvio-glacial gravels i n St Trinians quarry, east of Richmond. 
A recent excavation into the side of the l a t e r a l moraine SW of Dalton, 
at the top of Long Bank, revealed a piece of Penrith sandstone 
together with several e r r a t i c s of the Borrowdale Volcanic S e r i e s . 
The matrix i n which these boulders occur i s , i n general, a 
f a i r l y uniformly grey-blue s t i f f clay. But east of the Great North 
Road (along the eastern side of Barton quarry and i n the v i c i n i t y of 
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A. I T l u v i o - g l a c i a l sand and g r a v e l i n 3t T r i n i a n s quarry, Richmond. 
F o r e s e t bedding i n the lower sands i s t r u n c a t e d "by the 
o v e r l y i n g g r a v e l . 
•J I; 
B. The s i t e of the Harker Moss g l a c i a l l a k e , with the overflow 
channel i n t o Swaledale i n the background. The Feldom moraine 
i s immediately behind the photographer. 
212 
Middle-ton Tyas) tbe clay takes on a red-brown colour, presumably 
due to T r i a s s i c material wbicb was taken up by tbe moving ice-sbeet. 
Tbe T r i a s outcrops beneath the d r i f t a l i t t l e way to tbe east of 
these l o c a l i t i e s , across the Scorton-Darlington-West Hartlepool 
f a u l t , as was demonstrated by Fowler (194-5) by means of sub-surface 
information. So at some time tbe d i r e c t i o n of movement of tbe i c e 
wbicb crossed t h i s part of tbe country must here have bad a westerly 
component, to enable tbe red T r i a s s i c material to be c a r r i e d across 
t o the west side of the f a u l t . 
( c ) F l u v i o - g l a c i a l sands and gravels 
A very extensive spread of sand and gravel, occurs immediately 
to the east of Richmond, and has been worked i n St Trinians. quarry, 
a mile east of the town. This quarry exposes up to 70* of very 
s t r i k i n g l y current-bedded sand, i n part ripple-marked, which encloses 
very variable but f a i r l y well graded horizons of gravel (Plate 21A, 
p. 213. These are water-borne deposits, but conditions and rates 
of deposition were evidently l i a b l e to extremely rapid fluctuation. 
Occasional cl a y and s i l t bands represent periods during which the 
rate of deposition was a t a minimum. The sand i s remarkable f o r 
the f i n e p a r t i c l e s of coal which occur i n i t sporadically, picking 
out the bedding, and coal must have been eroded i n considerable 
quantities during t h i s period. But there i s no evidence to show 
where tbe outcrops might have been. The owners of t h i s quarry bad 
a bore-bole sunk i n 194-3 for a water supply, and t h i s proved 9*8" 
of boulder cla y between tbe base of the sand and the s o l i d rock 
beneath. This i n i t s e l f i s not remarkable because tbe sands and 
gravels are c l e a r l y deposits from a melting ice-sheet. But up to 
8* of true boulder clay also occur above the sands, which have been 
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eroded and contorted as they were over-ridden during a readvance 
of the i c e . Probably the readvance was only s h o r t - l i v e d and on a 
not 
small scale,/implying separate g l a c i a l periods. I t i s only 
necessary to v i s u a l i s e the r e t r e a t of the ice.taking place i n a 
somewhat more complex manner than had previously been supposed. 
These f l u v i o - g l a c i a l deposits probably belong to the early 
stages of the r e t r e a t of the Stainmore i c e . During, and probably 
f o r some time a f t e r , the period of maximum g l a c i a t i o n , the Stainmore 
i c e must have blocked up the exit from Swaledale. But immediately 
t h i s b a r r i e r was removed, a vast, quantity of material that had 
accumulated behind i t would have been free to f i n d i t s way out of 
the gorge. As Swaledale opens out so suddenly onto the Vale of York 
immediately east of Richmond, i t was only natural that t h i s would 
be where much of the debris from the melting i c e i n Swaledale would 
come to r e s t . As f i r s t stated by Kendall and Wroot (p.535)» the 
p r e - g l a c i a l Swale flowed past Richmond north of i t s present position, 
through the hollow to the north of the market-place (where the d r i f t 
cover must now be some 300' thick, from the evidence of the 
Lownethwaite Bridge bore-holes), and t h i s old channel was blocked 
with boulder clay from the Stainmore i c e . As t h i s g l a c i e r retreated 
northwards, the water from the lake which had accumulated behind i t 
f i r s t escaped round the southern margin of the i c e , and began to 
cut a channel f o r i t s e l f into the s o l i d rock (south of the present 
market-place), carrying with i t much sand and gravel which had been 
deposited i n the lake, and which must have greatly increased i t s 
erosive power. By the time the i c e bad gone, t h i s new channel bad 
already been cut to a lower l e v e l than that of the d r i f t blocking 
the old channel (as was f i r s t recognised by R a i s t r i c k ) , with the 
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r e s u l t that the r i v e r has remained i n s o l i d rock to the present day 
as i t flows past Richmond. North of tbe market-place, near tbe 
centre of the town, there must consequently l i e buried a gorge which 
i s over twice as deep as tbe well-known one through wbicb tbe Swale 
now finds i t s way out onto tbe Vale of York. That the sands and 
gravels east of the town must have been deposited soon a f t e r the r e -
moval of the i c e b a r r i e r i s c l e a r from the f a c t that they are found 
up to a height of 450* O.D., approximately equal to that of tbe 
top of the present gorge. So these highest deposits must have been 
emplaced before tbe r i v e r bad cut an appreciable depth into the s o l i d 
rock. 
There are also small and l o c a l deposits of f l u v i o - g l a c i a l 
sands associated with the Peldom moraine. When the i c e began to 
melt, sand was deposited i n places on the outside of tbe moraine 
i t s e l f , evidently while tbe i c e was s t i l l i n po s i t i o n on tbe other 
side of the ridge. This has. r e s u l t e d i n a very much more gentle 
slope on tbe south and SW side, e s p e c i a l l y in. the v i c i n i t y of i c e -
edge drainage channels ( a number of which are associated with t h i s 
moraine), which i s i n s t r i k i n g contrast to the hummocky boulder-clay 
covered ground north and HE of the ridge (see Plate 20B, p.20.7). 
The c l e a r e s t sand deposits of t h i s type are on Feldom Moor, near the 
eastern end of tbe moraine. 
(d) G l a c i a l lakes and overflow channels 
A well-marked s e r i e s of ice-edge lakes were associated with 
tbe l a t e r a l moraines of tbe retreat stages of tbe Stainmore i c e . 
These and t h e i r attendant overflow channels (as they are today) have 
a l l been entered on Plate IV (p. 21-5). The most important were, those 
associated with tbe Feldom moraine, and an ice-edge drainage channel 
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i s now preserved along the outside of the western part of the 
moraine. This channel c a r r i e d melt-waters eastwards from above 
the 1500' O.D. l e v e l , round the north side of Byers H i l l , and i n t o 
an ice-edge lake at 1240 1 O.D. situated some 2 miles south of 
Barningham. The s i t e of t h i s lake i s now marked by a f l a t peat-
covered p a r t l y marshy area rather over % mile across (Plate 21B, 
p.212). The only escape f o r the water i n t h i s lake was southwards, 
over the watershed, and an overflow channel was r a p i d l y cut i n t o 
the s o f t shales overlying the Underset Limestone.- This channel, 
f i r s t recognised by Kendall and Wroot (p.536) and described by 
R a i s t r i c k (p.401), had the e f f e c t of temporarily carrying water from 
the Teesdale drainage system over the watershed i n t o Swaledale, and 
the r e s u l t i n g erosion produced the now dry trough known as Harker 
Moss, which, i n p a r t , i s 80' deep and 250 yards wide. At a . l a t e r 
stage, the water from the ice-edge channel which fed t h i s lake over-
flowed round the south side of Byers H i l l , and entered the lake 
from a point $ mile f u r t h e r south, c u t t i n g a 7-sbaped gorge some 
40 1 deep. This l a t e r channel continued i n use f o r as long as there 
was water to be ca r r i e d away, which must have been f o r some time 
a f t e r the Harker Moss channel had become deep enough to dr a i n the 
lake completely. This i s seen from the f a c t t h a t the lake deposits 
themselves have been channeled by the continuation of the l a t e r over-
flow round the south side of Byers H i l l , which can be followed 
d i r e c t l y i n t o the Harker Moss channel as shown i n Plate IV (p.215 ) 
At a s t i l l l a t e r date, a f t e r the recession of the i c e , the head of 
Dous G i l l worked back through the moraine from a northerly d i r e c t i o n , 
and the s i t e of the former lake i s now drained both i n t o Swaledale 
and i n t o the G i l l i n g v a l l e y . A mile to the SE, there was another 
small lake at 1160' O.D. at the bead of Dalton Beck, tbe overflow 
from which ran westwards and cut a channel (now tbe dry Snaiza G i l l ) 
through tbe Main Limestone t o j o i n Harker Moss. Tbe combined waters 
flowed south i n t o the Swale, and helped t o cut the gorge i n which the 
diminutive Waitgate G i l l now runs. 
Bast of the l a k e l e t at tbe head of Dalton Beck there were 
stretches of water which bordered tbe moraine f o r about 2 miles, 
and which can have been no more than )4 mile wide. These drained 
over the watershed i n t o Clapgate G i l l through several channels, the 
highest of which s t a r t s at 1200 1 O.D. near Pin H i l l . At tbe 
eastern end of t h i s long t h i n series of lakes, a t the point where 
the Feldom moraine now ends abruptly, a l a t e r channel at 1060* O.D. 
leads over t o Hey G i l l and Clapgate Beck, while another, at the 
same height, leads southwards across tbe moor t o enter tbe Swale 
by Deepdale. A f t e r the r e t r e a t of the i c e , the Feldom moraine was 
breached by channels at e i t h e r end of t h i s series of long t h i n lakes, 
the one at the eastern end leading water i n t o a lake of tbe next 
stage at 970' O.D. on Aske Moor, at tbe head of Aske Beck. This 
lake i n t u r n l a t e r drained by a channel a t 910' O.D. near the Jockey 
Cap i n t o the lower reaches of Aske Beck. The channel breaching the 
Feldom moraine at the western end i n the mean time fed a large lake 
at 920' O.D. a mile SW of Dalton. This lake was subsequently 
drained i n t o Dalton Beck a f t e r the r e t r e a t of tbe ice by a deep and 
steep channel breaching the moraine t o tbe NW of tbe gorge cut by 
tbe present beck. 
There were a number of ice-edge lakes associated with the 
moraines on S c a r g i l l Low Moor. West of Spanham, there was a lake 
at 12201 O.D. i n tbe upper reaches of E l l e r Beck, the s i t e of the 
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eastern end of which i s now a f l a t marshy peat-covered area l y i n g 
between Spanham West H i l l and Long Side. This lake drained east-
wards along the outside of the moraine, and i n t o another much 
larger lake at 1120 1 O.D. at the bead of Stang G i l l . The s i t e of 
the NW corner of t h i s lake i s s t i l l preserved as a patch of f l a t 
peat-covered ground between J4 and % mile SB of Spanham. A f t e r the 
r e t r e a t of the i c e , the channel draining the B l l e r Beck lake broke 
through the moraine north of Spanham (along the l i n e of the present 
Gregory Beck) and supplied water to a lower lake at 10801 O.D., which 
i n t u r n drained i n t o another lake at 980' O.D. bordering the lower 
moraine on Garnathwaite Pasture. Soon a f t e r t h i s , the channel 
draining the E l l e r Beck lake broke through the higher moraine f u r t h e r 
west, between Spanham East and West H i l l s . This l e f t the Gregory 
Beck channel dry, and the water was now c a r r i e d i n t o a lake at 
HOC O.D. lower down E l l e r Beck which, however, probably drained 
eastwards i n t o the two lower lakes fed by the same channel before 
the second breach. F i n a l l y , a f t e r the r e t r e a t of the ice from 
the lower moraine, the water from the Garnathwaite Pasture lake 
found i t s way northwards through the moraine i n t o Tbwaite Beck near 
i t s confluence with the Greta. 
There are also a number of overflow channels which are not 
d i r e c t l y associated with moraines, but which must have been cut 
when the ice was i n the v i c i n i t y . Of these, the dry valleys i n 
Barningham Park are notable. A channel s t a r t s at 880' O.D. , and 
runs eastwards, r a p i d l y deepening, i n t o the Park. I t separates round 
Bleaberry H i l l , which has been l e f t as an o u t l i e r some 80' high, and 
the water evidently flowed a l t e r n a t e l y t o the north and south of t h i s 
b i l l . The southern channel was the l a s t i n use, and has been cut 
Plate 23 
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A. Jtound Howe, Richmond from the north. This in-and-out channel was 
cut "by the Swale (fl o w i n g from r i g h t t o l e f t ) during a temporary 
blockage, probably by a lobe of ice from the north during the 
g l a c i a l r e t r e a t stage. 
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B. 3 r i g n a l l Banks, near G i l l Beck Foot. The gorge here i s 
p e r f e c t l y 7-shaped i n section, and i s c l e a r l y of 
comparatively recent o r i g i n . I t i s thought t h a t t h i s i s 
a p o s t - g l a c i a l re-excavation of a p r e - g l a c i a l v a l l e y . 
12' lower than th a t going round the north side, although the l a t t e r 
i s s t i l l open. The dry v a l l e y then continues eastwards t o die out 
i n d r i f t at 725 1 O.D. near the eastern boundary of tbe Park. On 
the north side of the Park, Adam H i l l i s another o u t l i e r some 60' 
high, i s o l a t e d by an in-and-out channel. But the main channel to 
the north, of which t h i s was temporarily a p a r t , i s no longer pre-
served. Adam H i l l was probably formed i n very much tbe same way 
as The Round Howe, west of Richmond (Plate 22A, p.218), which was 
cut by tbe Swale during a temporary blockage (presumably by i c e ) of 
tbe main channel t o the north (a process which was f i r s t v i s u a l i s e d 
by Kendall and Wroot). 
Several other channels are also associated with tbe r e t r e a t 
of tbe ice from the G i l l i n g v a l l e y . The longest of these, about 
1$ miles i n length, s t a r t s at 720' O.D. on tbe h i l l s i d e west of 
Kirby H i l l , and runs eastwards through Whasbton as f a r as tbe. SW 
corner of Hartfo r t h Wood at 440' O.D., probably feeding a lake 
beneath Whashton Hag. This channel would have been cut over a 
long period, and i t i s u n l i k e l y t h a t tbe f u l l length was ever i n 
use at any one time because of tbe comparatively .large v e r t i c a l 
i n t e r v a l involved. The same i s true of a channel s t a r t i n g at 
680' O.D. near Wbasbton Springs and running HE through G i l l i n g Wood 
and beneath Orabtree House to end near G i l l i n g Beck a t 329 • O.D. 
I t doubtless belongs t o tbe same period as tbe Kirby Hill-Wbashton 
channel, but again i s u n l i k e l y t o be a simple single-period channel, 
i n contrast t o many of those associated with tbe moraines. A w e l l -
defined deep dry v a l l e y runs from Bend Hagg at 660 1 O.D. i n a SB 
d i r e c t i o n through the WE corner of Richmond. This, as R a i s t r i c k 
noted, was the channel by which Aske Beck overflowed i n t o the Swale 
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when i t was blocked by the g l a c i e r i n the G i l l i n g v a l l e y , and was 
probably cut during the time when the upper parts of the previously 
described channels were i n use. Immediately the e x i t t o Aske Beck 
was opened, t h i s channel was no longer required, the lake subsided, 
and the water flowed i n t o the G i l l i n g v a l l e y and thence t o the 
Swale by i t s present course. 
(e) S t r i a t i o n s 
S t r i a t i o n s made by the Stainmore ice have been observed on 
only one natural exposure, and these marks are evidently r a p i d l y 
erased by weathering a f t e r the s t r i a t e d surface has been l a i d bare. 
This single l o c a l i t y i s 400 yards NW of Aske Moor Farm, where the 
coarse top of the sandstone beneath the Underset Limestone bears 
s t r i a t i o n s trending 35° east of south. This d i r e c t i o n i s p a r a l l e l 
t o the trend of the Feldom moraine a short distance t o the west. 
Many excellent s t r i a e are seen i n quarry sections f u r t h e r north, 
however, and i n Hulands quarry (east of Bowes) the Main Limestone 
i s o v e r l a i n by boulder clay up to 12* t h i c k . This has s t r i a t e d 
the surface of the limestone, and shows the ice t o have come from 
a d i r e c t i o n 25° north of west. There are s t r i a t i o n s which run as 
much as 30° to e i t h e r side of t h i s average, but by f a r the largest 
number point away from the northern part of the Stainmore depression. 
Further s t r i a t i o n s are present on the surface of the Main Limestone 
i n Bast Layton and Forcett quarries, where the d r i f t (up t o 25* 
t h i c k ) has also polished the top of the limestone. There are two 
separate sets of s t r i a t i o n s discernible here. One set trends i n 
an average d i r e c t i o n of 30° south of east, with i n d i v i d u a l s t r i a e 
between 5° and 55° south of east. The other set, which i s quite 
separate, trends 15° north of east, showing t h a t here the i c e sheet 
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must at one time bave been beading i n the d i r e c t i o n of the mouth 
of the Tees. Kneeton H a l l quarry (a mile north of Scotch Corner) 
has exposed a pavement of the Underset Limestone s t r i a t e d i n a 
d i r e c t i o n between 35° and 40° east of south, while Barton quarry 
Qi mile t o the NNE) shows the same limestone s t r i a t e d i n a d i r e c t i o n 
between 30° and 35° south of east. The ice stream must therefore, 
i n t h i s region, bave flowed i n a general south-easterly d i r e c t i o n 
a t least as f a r east as the present Great North Road before t u r n i n g 
southwards t o t r a v e l down the Yale of York. 
( i i i ) P re-glacial topography 
I t i s clear from the evidence provided by both Swaledale 
and the v a l l e y of the Greta t h a t many of the p r e - g l a c i a l r i v e r s were 
flo w i n g i n valleys as deep as, and i n some cases deeper than, those 
of the present day. So the period of rejuvenation which l e d to 
the formation of these deep valleys must date from a considerable time 
before the close of the T e r t i a r y , and p o s t - g l a c i a l erosion has been 
l a r g e l y confined t o the re-excavation of these va l l e y s which had 
been f i l l e d to a greater or lesser extent by g l a c i a l deposits and pre-
g l a c i a l landslips. Enormous spreads of d r i f t bave much modified 
the topography to the north and HE of the Feldom moraine, and east 
of Richmond i t i s not possible to t e l l anything of the p r e - g l a c i a l 
topography. The p r e - g l a c i a l Swale 1% miles west of Richmond was 
already flowing at a l e v e l considerably below t h a t at which the 
r i v e r now enters the Vale of York, and the d r i f t deposits, w e l l over 
100' t h i c k f o r the most p a r t , everywhere obscure the s o l i d rock 
except i n the v i c i n i t y of Barton, Middleton Tyas and Moulton. Along 
Gatherley Moor, however, on the north side of the G i l l i n g v a l l e y , 
the d r i f t i s penetrated by what must bave been p r e - g l a c i a l peaks, 
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which now form h i l l s of s o l i d rock surrounded by d r i f t . The most 
notable of these i s Diddersley H i l l miles W3W of Melsonby) 
which r i s e s sharply some 70' out of the d r i f t , and the p r e - g l a c i a l 
topography must have been considerably smootheired by the boulder clay 
which i s now banked round these former peaks. This smoothing e f f e c t 
due to deposition i s probably the most important modification of the 
topography, and i s undoubtedly f a r more marked than th a t due to 
actual erosion by the ice i n t h i s p a r t i c u l a r part of the Pennines. 
( i v ) River diversions 
The p o s t - g l a c i a l gorge of the Swale at Richmond has been 
described i n section i i ( c ) , and sub-surface information has shown 
t h a t the p r e - g l a c i a l course of the Greta between Bowes and B r i g n a l l 
Banks was t o the south of i t s present p o s i t i o n . There i s , i n 
ad d i t i o n , s u f f i c i e n t surface evidence t o be able to reconstruct the 
various courses of the Greta downstream from the head of B r i g n a l l 
Banks, and these are shown i n Fig. 11 (p.222). 
The a l l u v i a l t r a c t around Greta Bridge, onto which the gorge 
of B r i g n a l l Banks opens at i t s eastern end, has long a t t r a c t e d 
a t t e n t i o n , but i t was l e f t t o P h i l l i p s i n 1836 t o attempt the f i r s t 
geological explanation of i t . He was under the impression t h a t 
there was a f a u l t running down Teesdale from near High Force, which 
continued SB down the G i l l i n g v a l l e y , and t h a t i t was t h i s f a u l t 
(since shown to be non-existent here) which had caused the Tees to 
fl o w at one time down the G i l l i n g v a l l e y . I n t h i s way he explained 
the extensive a l l u v i a l t r a c t which now j o i n s the Greta v a l l e y around 
Greta Bridge t o the head of the G i l l i n g v a l l e y . He also remarked 
on the f a c t t h a t soon a f t e r receiving the water from G i l l i n g Beck, 
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tbe Swale turns t o run more or less i n the l i n e of the G i l l i n g v a l l e y 
but the Swale i s here running on d r i f t deposits w e l l over 1001 
t h i c k , and i t s present course doubtless bears l i t t l e resemblance t o 
t h a t which i t followed i n p r e - g l a c i a l times. • I n 1916, Fawcett 
published a paper on the development of the middle Tees and i t s 
t r i b u t a r i e s , which included an assessment of the successive courses 
of the Greta. He states (p.314) t h a t east of Bowes the o r i g i n a l 
course of the Greta l a y beneath Kilmond Scar, the s i t e of which i s 
now occupied by the diminutive Tutta Beck flowing eastwards t o 
Greta Bridge. This conclusion was apparently based only on com-
parison of p r o f i l e s and tbe f a c t t h a t the Tutta runs i n approximately 
the same l i n e as t h a t of the Greta west of Bowes. I n mid-Tertiary 
times, soon a f t e r the eastward t i l t of tbe peneplain surface, tbe 
Greta may have had such a course during the i n i t i a l stages of erosion 
but i t i s clear from tbe evidence of tbe White Close H i l l bore-bole 
(p£09 ) tha t i n l a t e r p r e - g l a c i a l times the Greta was deeply en-
trenched at least % mile south of Kilmond Scar i n a gorge which was 
deeper than the present day v a l l e y . 
For a distance of 1/3 mile, t o the north and NW of S c a r g i l l , 
the south side of B r i g n a l l Banks i s e n t i r e l y cut i n boulder clay, 
and east of t h i s , i n G i l l Beck (500 yards south of i t s confluence 
with tbe Greta), s o l i d exposures suddenly give way to a coarse 
conglomerate of boulders and pebbles from the d r i f t , which have been 
p a r t i a l l y cemented by t u f a . ^These are evi d e n t l y part of the i n -
f i l l i n g of a p r e - g l a c i a l v a l l e y , and i t appears t h a t the p r e - g l a c i a l 
Greta diverged from i t s present course near S c a r g i l l t o flow BSE 
i n t o the G i l l i n g v a l l e y . Tbe l a t t e r i s a mature feature, and must, 
223 
at some time p r i o r t o the ice age, have been cut by a r i v e r of 
considerable dimensions, as was re a l i s e d by P h i l l i p s . But the 
f i e l d evidence points to t h i s having been accomplished by tbe Greta 
rather than by tbe Tees. At some l a t e r date (but s t i l l i n pre-
g l a c i a l times) the Greta was diverted northwards i n t o i t s present 
course as f a r as Greta Bridge, but then turned east and SB i n a 
great loop to r e j o i n the G i l l i n g v a l l e y near Newsham. 
There i s a patch of alluvium at 680' O.D. between Nor Beck 
and B r i g n a l l Banks, and Nor Beck i t s e l f flows through a stretch of 
alluvium which i s too extensive t o have been deposited by t h a t l i t t l e 
beck. I t appears t h a t the p r e - g l a c i a l course of tbe Greta through 
B r i g n a l l Banks was blocked by boulder clay during the ice-age, and 
th a t during the r e t r e a t stage the Greta f i r s t took the approximate 
l i n e of i t s o r i g i n a l course between S c a r g i l l and Newsbam, depositing 
those patches of alluvium shown i n FJLg. 11 (p.222). The Greta 
must have r a p i d l y re-excavated i t s p r e - g l a c i a l course, however 
(Plate 22B, p. 218), and before long tbe l i n e of least resistance was 
i t s former channel by way of Greta Bridge i n t o tbe G i l l i n g v a l l e y . 
This l e d t o tbe deposition of a wide spread of alluvium on top of 
tbe g l a c i a l material which p a r t l y f i l l e d i n tbe p r e - g l a c i a l v a l l e y 
(see Fig. 11). 
I n comparatively recent times, tbe Greta has cut through the 
narrow divide between Greta Bridge and the Tees i n a gorge some % mile 
i n length, t o j o i n the Tees below Rokeby gorge, as described by 
Fawcett. The G i l l i n g v a l l e y was thus deprived of most of i t s water, 
and tbe preservation of much of the a l l u v i a l t r a c t across which the 
Greta flowed not very long ago was ensured. 
E l l e r Beck has suffered two minor p o s t - g l a c i a l diversions i n 
224 
i t s lower reaches. There i s an abandoned course leading eastwards 
from B l l e r Beck i n t o Thwaite Beck near S c a r g i l l Lodge, and another 
also runs eastwards from a point 230 yards f u r t h e r downstream, past 
Green G i l l Farm i n t o the Greta at I n Bank Wood. This second and 
l a t e r course s t a r t s 25' above the present l e v e l of E l l e r Beck, and 
overhangs the Greta by some 30' a t i t s eastern end, so there has 
been considerable erosion since the time when B l l e r Beck was diverted 
northwards i n t o i t s present course t o j o i n the Greta some 300 yards 
above Rutherford Bridge. 
( v ) Post-glacial deposits 
(a) Peat 
There are two d i s t i n c t types of peat w i t h i n the area. 
Extensive h i l l peat covers much of the high moorland region, while 
a few r e l a t i v e l y small pockets of low-level peat are t o be found 
i n depressions i n the d r i f t i n the v a l l e y bottoms. 
The h i l l peat, which i s to be found mainly on and around the 
f e l l tops between Swaledale and the G i l l i n g v a l l e y , i s up to 10' 
t h i c k i n places, but has, f o r the most p a r t , been cut up by erosion 
i n t o baggs. These erosion channels cut down as f a r as the under-
l y i n g impervious d r i f t cover, and excellent sections of the peat 
are very common. The most constant feature of these exposures i s 
a wood layer near the base of the peat (generally i n the lowest 3')» 
which contains many well-preserved pieces of s i l v e r b i r c h , and some 
of alder. Large trunks of oak are also found from time t o time, 
and are i n a s u f f i c i e n t l y good state of preservation to be used 
f o r timber. This wood layer (the remains of an early p o s t - g l a c i a l 
f o r e s t ) has been found up t o 1800' O.D. But i t has been traced 
over much of the north of England up to heights considerably i n excess 
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of 2000* O.D., and not only must tbe f o r e s t bave been very extensive, 
but tbe climate was then presumably somewhat milder than that of 
today. The upper parts of the peat are of a moorland type, and 
consist l a r g e l y of sphagnum and heather. For the most part, tbe 
peat i s developed over impervious d r i f t cover, but i s sometimes 
observed l y i n g d i r e c t l y on sandstone and shale, as i s tbe case, f o r 
instance, around Hoove. Peat i s never developed on limestone, 
however, when there i s no d r i f t cover, because suitable conditions 
f o r i t s formation never prevailed due to the good drainage. The 
limestone horizons are thus often easily distinguished on the high 
ground by t h e i r grass cover, i n d i r e c t contrast t o the peat and 
heather cover of much of the rest of tbe ground. Tbe peat i s t h i c k -
est on tbe highest ground, and becomes progressively thinner towards 
the 1000' l e v e l . Below t h i s i t i s r a r e l y present, except f o r tbe 
small areas of low-level peat i n tbe v a l l e y bottoms. 
One of the best developed patches of low-level peat i s that 
which almost surrounds the ruins of Ravensworth Castle, i n tbe 
G i l l i n g valley.' I t i s $ mile across, and occupies a f l a t , rather 
marshy area, f i l l i n g a former hollow i n the d r i f t . The peat i s 
at least 10 1 t h i c k (and probably considerably more), and when tbe 
ground was less well-drained than i t i s now, i t must have presented 
a formidable obstacle t o unwelcome v i s i t o r s t o the Castle, which i s 
b u i l t on a mound of d r i f t . Other f l a t peat-covered areas are found 
on the s i t e s of former g l a c i a l lakes, but these are mostly only 
erosion remnants, and date from a considerably e a r l i e r period than 
the t rue valley-bottom deposits. The l a t t e r commonly f i l l abandoned 
stream courses and minor hollows i n the d r i f t cover, and some are s t i l l 
i n tbe process of formation. 
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(B) Alluvium 
Tbe a l l u v i a l deposits of tbe Swale above Richmond c a l l f o r 
no p a r t i c u l a r comment, as they are tbe normal consequence of a 
r i v e r winding i t s way across a dr i f t - c o v e r e d v a l l e y f l o o r . East 
of Richmond, however, where Swale dale opens out onto the Vale of 
York, the a l l u v i a l deposits assume considerable importance, and i n 
tbe region of Catterick Bridge they extend f o r over % mile t o the 
north of the r i v e r . There are numerous wel l sections i n t h i s area, 
which show the alluvium t o be only a t h i n cover on top of gravel 
deposits (probably of f l u v i o - g l a c i a l o r i g i n ) at l e a s t 50 1 t h i c k . 
This a l l u v i a l spread, which assumes even l a r g e r proportions f u r t h e r 
out i n t o the vale, i s joined from tbe north by the deposits i n the 
p a r a l l e l becks running southwards through the o u t s k i r t s of Middleton 
Tyas and Moulton, which c l e a r l y c a r r i e d much more water during the 
g l a c i a l r e t r e a t stage than they do now. 
The deposits of the River Greta include up t o 3 terraces 
above the lowest alluvium upstream from the head of B r i g n a l l Banks. 
Tbe top terrace i s some 40 1 above present r i v e r l e v e l , but only small 
remnants are now l e f t near Bowes. Tbe lowest terrace, 15* above 
the alluvium on the average, i s the best developed, and has been 
traced up E l l e r Beck (a south-bank t r i b u t a r y ) f o r a l i t t l e over 
2 miles. Where the Greta leaves B r i g n a l l Banks, near Greta Bridge, 
a great spread of alluvium deposited by tbe Greta i n early post-
g l a c i a l times sweeps east and SE to j o i n tbe G i l l i n g v a l l e y near 
Newsham. This a l l u v i a l t r a c t has an average width of nearly % mile 
between Greta Bridge and Ravensworth, and i s penetrated by the tops 
of numerous l i t t l e mounds of the underlying d r i f t . Between 
Ravensworth and tbe confluence of G i l l i n g Beck with the Swale, the 
227 
alluvium makes a well-defined feature. But nowhere, except imme-
d i a t e l y downstream from G i l l i n g , i s i t of s i m i l a r dimensions t o 
th a t at the head of the v a l l e y , where a marked decrease i n the slope 
of what was then the Greta v a l l e y caused such extensive deposition. 
Nor Beck (between Ladysmitb Plantation and Newsham Lodge) 
runs across a stretch of alluvium and t h i n interbedded horizons of 
gravel which i s % mile across i n places. M i l l H i l l i s a mound of 
d r i f t i s o l a t e d by t h i s deposit, which again seems too extensive t o 
be a t t r i b u t e d t o the present beck, with i t s r e s t r i c t e d drainage area. 
A f u r t h e r i s o l a t e d and un-drained a l l u v i a l patch between North Wood 
and Coronation Plantation t o the west gives the necessary clue t o 
the method of deposition of t h i s alluvium, which i s a t t r i b u t e d t o 
the Greta i n immediate p o s t - g l a c i a l times (see p.223). 
Numerous other becks, such as G i l l , Thwaite, Marske, Dalton, 
Hutton and Barton Becks, have l e f t a l l u v i a l deposits which have been 
mapped, but these are of r e l a t i v e l y small extent and minor importance 
being the straightforward r e s u l t of normal erosion f u r t h e r upstream. 
( c ) Landslips 
Apart from p r e - g l a c i a l l a n d s l i p s , of which there i s evidence 
from Swaledale (see p.2GH>), there are numerous p o s t - g l a c i a l s l i p s 
which have had the e f f e c t of obscuring the s o l i d rock f o r varying 
distances along the sides of some of the steeper v a l l e y s . These 
s l i p s are not by any means confined t o those places where the dip 
i s down the slope; but i n general, movement down tbe sides of steep 
v a l l e y s has apparently taken place along t h i n shale bands i n the 
succession, aided by well-developed j o i n t planes i n tbe overlying 
beds. An important s l i p i s t h a t on tbe north side of Moresdale G i l l 
about 1/3 mile west of Kexwith, which has bad tbe e f f e c t of 
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presenting a double scar of the Main Limestone, the two being 
separated by a v e r t i c a l i n t e r v a l of between 50* and 75'• The most 
extensive l a n d s l i p i s t h a t along tbe NE side of Holgate Beck, between 
Kexwitb and West House, where a v e r t i c a l i n t e r v a l of 200* i s 
completely obscured by slipped and jumbled material f o r a distance of 
}& mile. Very extensive also are the s l i p s on e i t h e r side of 
Waitgate-Throstle G i l l . The west side of the v a l l e y i s obscured 
between T b r i n g i l l Scar and the .eastern end of Helwith Bank, while 
nothing s o l i d i s seen on the east side beneath the Marske Band f o r 
% mile along the southern p a r t of Dickey Edge. There has also been 
much s l i p p i n g between T e l f i t and Marske ( p a r t i c u l a r l y along T e l f i t 
Bank), where f a l l e n material from the Richmond Chert Series near 
the top of the bank has f o r the most part obscured the underlying 
beds. On ei t h e r side of Clapgate Beck, and also along Applegarth 
and W b i t c l i f f e Scars, the same has happened and much material from 
the Richmond Chert Series making the top of the scars has f a l l e n 
down and obscured nearly a l l the beds beneath tbe Main Limestone. 
Tbe Main i t s e l f generally makes a s u f f i c i e n t l y good scar of i t s 
own, however, t o be able t o stand out above the top of the s l i p s . 
Along the north side of Swaledale between Clapgate Beck and Wbit-
c l i f f e Wood, there i s extensive d r i f t cover which has also become 
involved i n s l i p p i n g , and i t i s d i f f i c u l t to t e l l what proportion 
of the obscuring material has slipped from above, and how much had 
been transported by ice from f u r t h e r up tbe v a l l e y before i t , i n t u r n , 
added to the confusion by moving down the h i l l s i d e over pre-existing 
l a n d s l i p s . 
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CHAPTER 11 
MINERAL DEPOSITS 
(a) Coal 
The lowest coal seam recorded from within the anticline is 
exposed once only, i n Brignall Banks, 1000 yards SW of Brignall. 
I t i s no more than 1" thick, and comes 26' below the base of the 
5 Yard Limestone, i n a series of fresh-water shales and sbaley sand-
stones. At the base of the scar exposing the 3 Yard Limestone i n 
the Greta, south of Kilmond Scar, a foot of poor coal i s seen 23' 
beneath the limestone, while i n the Mount Pleasant bore the 3 Yard 
i s d i r e c t l y underlain by 7" of good coal. Some 900 yards east of 
Brignall, the transgressive sandstone which cuts down into the 
shales overlying the 3 Yard Limestone is seen i n the right bank of 
the Greta to contain Stigmaria and many t h i n irregular streaks of 
coal i n i t s lowest few feet. But the best developed coal horizon 
i s that associated with the sandstone underlying the Underset Lime-
stone. I t i s well seen i n the east bank of Rake Beck, 500 yards 
downstream from the bridge, where i t i s separated from the limestone 
by 25' of sandstone. The seam is 8" thick, of moderate quality, 
has been worked from a nearby shaft, and i s unusual i n that i t 
overlies a shale. A coal which is no longer exposed, but which i s 
said to be 7" thick, has been worked from a number of old shafts on 
Gayles Moor, 650 yards south of Pace's House, and i t i s very probable 
that this i s the same seam as that seen i n Rake Beck. There i s also 
evidence of coal at the same horizon on Gatherley Moor, between 
G i l l i n g and Melsonby, where traces are seen i n the s o i l round the 
top of an old roadside quarry at the NW end of Quarry H i l l . I t i s 
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and i t i s d e f i n i t e l y absent only % mile further upstream. Along 
toe east side of the Harker Moss overflow channel, traces of coal 
on an underclay immediately underly the Main Limestone i n some places. 
No coal seams are here exposed i n the Coal S i l l s Group over-
lying the Main Limestone, although further north, on the Alston 
Block, workable coals are found at t h i s horizon. Reading (1954-) 
mentions an exposure on the south side of the Stainmore syncline, 
i n the Greta valley, where a t h i n seam i s seen at the top of the 
Lower Coal S i l l . There is loose coal i n the banks of Sleightbolme 
Beck at t h i s horizon for % mile upstream from Sleightholme Farm and, 
although none could be found i n s i t u , i t i s assumed that Reading's 
seam is also present here. But t h i s i s near to the edge of the 
Coal S i l l s delta, and coal cannot be expected further to the south-
east. A coal seam within the Ten Fathom Grit has been worked on 
Hurst Pasture, by a level driven into the north bank of Roan Beck. 
This coal has also been much worked on the moor Vfc miles west of 
Hudswell, immediately to the south of lower Swaledale. The Ten 
Fathom Grit i s here very poorly represented, but nevertheless the 
coal was probably of reasonably good quality, judging by the large 
number of old p i t s now to be found over i t s outcrop. 
(b) Lead and Barium 
Lead is present i n the form of galena i n a number of mineral-
ised veins within the anticline. I t i s also found i n replacement 
' f l a t s ' i n limestone, and the occurrences are similar to those of 
the Alston Block (Dunham, 1948) i n that they are i n the great majority 
of cases associated with the thick Main Limestone. The lowest 
horizon seen to be affected by lead mineralisation i s the 3 Yard 
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Limestone, which i s traversed by t h i n calcite veins containing 
galena i n the Holgate Beck exposure immediately to the south of the 
Faggergill-Waitgate f a u l t . The Underset Limestone i s seen to "bear 
a t h i n patchy f i l m of galena on a j o i n t surface i n a swallow hole 
i n the Byers H i l l overflow channel, "but the nearest f a u l t to t h i s 
l o c a l i t y i s # mile away to the west, and the mineral may, i n t h i s 
case, be authigenic. Lead has not been found along the north flank 
of the anticline, but the Main Limestone has been mineralised i n a 
number of l o c a l i t i e s on the south side of the structure. These 
are associated with the much-worked veins of Arkengarthdale and upper 
Swaledale, but i n t h i s area, east of Arkengarthdale, the deposits 
are ( f o r the most part) much less p r o l i f i c than those further to the 
west. 
The North Spanham f a u l t has been worked f o r galena i n E l l e r 
Beck Hush and Spanbam Hush. The l a t t e r was f i r s t reached by means 
of a level driven southwards through Spanbam Bast H i l l , but subse-
quent working into the Main Limestone was from a deep shaft sunk 
at the eastern end of the bush. On Scargil1 High Moor, numerous 
small shafts have penetrated the Main Chert to work two mineralised 
veins of small throw to the south of E l l e r Beck Hush. There are 
remains of lead workings 2/3 mile EHE of Arndale H i l l , at the western 
end of a WNW-ESE f a u l t . Pieces of Main Limestone which have been 
brought up from the old shafts are rich i n galena, and there i s a 
higher proportion of lead i n these t i p s than i n any of the others 
examined during the course of t h i s survey. 
The old Stang mine yielded much lead from the Main Limestone 
along Stang and Black Veins, which are branching cross-veins from the 
Faggergill-Waitgate f a u l t , the l a t t e r having been worked at intervals 
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along most of i t s length. % mile south of Stang mine, Windegg Level 
and Alcock Hush proved rich deposits of galena along t h i s major f a u l t , 
and further east there are remains of old workings with traces of 
galena at Moresdale Head, on Moresdale Ridge and near Waitgate. 
The old Faggergill Mine proved extensive deposits of galena, and 
much material from the Main Limestone has been brought out from 
levels at Faggergill Head and Seavy Hole. Exposures are unusually 
good along the sides of the Faggergill Valley, and there i s no 
evidence of any faulting within mile of thi s mine. So i t may be 
assumed that metasomatic replacement of the limestone has taken 
place along the l i n e of a vein with l i t t l e or no throw. 
A f a u l t which runs across the north side of Pattison. Plain 
to j o i n the Waitgate f a u l t near Holgate Beck i s mineralised at i t s 
eastern end to the north and NE of the o u t l i e r of Sail How, and old 
shafts have yielded galena from both the Richmond Chert Series and 
the underlying Main Limestone.. But the richest deposits of galena 
i n the area were found to the south and SW of t h i s , around Hurst. 
The Marske f a u l t has been worked most of the way between Hurst "and 
High Green House, where i t has been called Wallnook Vein, but most 
of the lead was obtained from Queen's Level, which penetrated the 
Main Limestone f a r into the h i l l s i d e . Lead has been worked i n t e r -
mittently f o r at least 1900 years i n the Hurst d i s t r i c t , and there 
are remains there of many different types of mining. Some of the 
old b e l l - p i t s are quite spectacular i n size. Both Wallnook Vein 
and Shaw Vein to the east were worked from Prys Level, which was cut 
i n a westerly direction from Shaw Beck into the Richmond Chert Series. 
Along and beyond Shaw Vein rich galena deposits were proved near the 
top of the Main Limestone, and these were worked as recently as 1937. 
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The eastward continuation of Shaw Vein has also proved to be r i c h l y 
metalliferous, and has been worked by means of shafts along the 
north side of Skelton Moor. Galena i s p l e n t i f u l i n the t i p s from 
these old shafts, and again has come from the underlying Main Lime-
stone. On the south side of Skelton Moor, shallow workings into 
the upper part of the Richmond Chert Series along Moss Mire Vein 
(a cross-vein to the Marske f a u l t ) have produced galena i n only 
moderate quantities. 
To the east of Marske Beck, galena has been obtained from 
shafts along Orgate Vein, on the south side of Marske Moor, while 
1/3 mile north of t h i s , i n a small quarry i n the Richmond Chert 
Series on the north side of Limekiln H i l l , galena i s present i n very 
small quantities on j o i n t surfaces, and may be authigenic. On the 
west side of Feldom Moor there have been extensive workings i n 
replacement ' f l a t s ' i n the Main Limestone to the south and SE of the 
remains of Low Feldom, which are presumably associated with a vein 
of l i t t l e or no throw. The f a u l t which runs from Clapgate Beck 
towards Low Feldom has been t r i e d f o r lead at various points along 
i t s course, but i t cannot have yielded more than small amounts, as 
there i s now no sign of galena i n the t i p s from the old shafts. 
On the other hand, the Feldom f a u l t , which crosses t h i s one at 
Daleflat Spring and runs o f f towards Wbashton i n an easterly and 
NE direction, has been much worked on Feldom Moor from many old b e l l -
p i t s , and galena i s moderately p l e n t i f u l i n the t i p s f o r about %. mile 
on either side of Feldom Lane. Some 400 yards to the north of"the 
f a u l t , on the east side of Feldom Lane, the Main Limestone has been 
worked from many shallow p i t s i n another small area of ' f l a t s * 
replacement. 
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There i s a small NE-3W f a u l t i n the Whashton Springs area which 
shows no sign of mineralisation, but which was continued KB by the 
Primary Survey as f a r as the old Lead M i l l i n Smelt M i l l Beck. This 
was evidently on the supposition that the m i l l had smelted lead 
obtained locally. But the d r i f t cover i s very heavy i n th i s region, 
there being no exposures i n or near this beck, and i n fact the ore 
which was used i n t h i s old m i l l was brought along Jagger Lane from 
the Hurst d i s t r i c t , some 7 miles away. Applegarth Vein,"at the 
western end of Whitcliffe Scar, has been worked f o r galena. I t 
has a throw of 4' to the HE, and must have kept a number of men busy 
f o r some time, judging by the quantity of t a i l i n g s (including galena 
and barytes) thrown over the edge of the scar. In Hurgill quarry, 
on the NW outskirts of Richmond, galena occurs on j o i n t surfaces i n 
an impure crinoidal limestone of the Richmond Chert Series far from 
any f a u l t i n g , and again i s probably authigenic. Finally, the Bend 
Hagg f a u l t has been worked along the north side of Pilmoor H i l l and 
around Bend Hagg i t s e l f . The workings are, f o r the most part, 
overgrown, but dolomitised Main Limestone i s s t i l l v i s i b l e i n the 
l a t t e r l o c a l i t y . Although no galena was seen there, i t i s probable 
that the workings were f o r lead, which can only have been present i n 
small quantities. 
Barium, i n the form of barytes, i s present i n a number of f a u l t 
zones and i s often (but by no means always) associated with deposits 
of galena. To the west of Arkengarthdale i t i s commonly associated 
with witherite, and sometimes with baryto-calcite, and i t appears 
that much of the barytes i s secondary after witherite i n the oxidation 
zone, where i t i s porous and i n strong contrast to the coarse platey 
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barytes which i s primary i n the deeper workings (Dunham and Dines, 
1945). To the east of Arkengarthdale, however, witberite has only 
been recorded from a single l o c a l i t y on the north side of the a n t i -
cline, and no baryto-calcite was found. Barytes i s present as a 
gangue mineral i n many of the old lead mines of the Hurst region, 
but i t i s apparently very subordinate to calcite. One of the shafts 
on Orgate Vein, north of Marske, has brought up a limestone breccia 
which i s cemented by barytes, and along the Feldom f a u l t most of the 
old t i p s y i e l d barytes i n f a i r quantity, associated with galena 
i n the Main Limestone. But undoubtedly the richest deposits of 
barytes occur i n Bast Layton quarry, on the north flank of the a n t i -
cline, where there i s no trace of galena. Here the Main Limestone 
i s affected by two r e l a t i v e l y minor NE-SW fault s which have asso-
ciated limestone breccias up to 2' i n width along much of t h e i r 
exposed length. The cementing material i n these breccias i s mainly 
barytes, which occurs i n interlocking white tabular crystals up to 
4 cms i n length, and which i s most probably primary. Witherite 
(the only recorded l o c a l i t y f o r t h i s area) and calcite are present 
as subordinate constituents. This occurrence i s consistent with 
those on the Alston Block, where barytes i s the most persistent gangue 
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mineral around the edge of the ore-field (Dunham, 1948, p.94). I n 
t h i s connection i t may be mentioned that f l u o r i t e (which occurs i n 
quantity i n the region surrounded by the barytes zone on the Alston 
Block) has not been recorded from the present area. Small deposits 
of f l u o r i t e are, however, present i n some of the upper Swaledale 
mines, particularly i n the deeper workings, and t h i s suggests that 
i f the mineralisation process was similar to that of the Alston Block 
(and there seems no reason to suppose that i t was not), then-the 
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southern part of the Northern Pennine Orefield has not been denuded 
(with respect to the mineral zones) to such a depth as has the 
northern part. 
(c) Copper. 
Copper-bearing minerals have been recorded from 18 l o c a l i t i e s 
within the area, the positions of which are shown on Fig. 12 (p.23-7). 
I n at least f i v e of these l o c a l i t i e s the deposits were large enough 
to have been worked, but they are ( f o r the most part) very small, and 
i n some cases mere traces are present. Malachite and azurite* the 
commonest of these minerals, are so brightly coloured that they 
are readily seen even when they are present i n only minute quantities 
These copper l o c a l i t i e s f a l l into two d i s t i n c t geographical 
groups which run approximately along the watersheds to the north 
and south of the G i l l i n g valley. The northern group i s the more 
varied and interesting from the mineralogical point of view, but the 
deposits appear to be of the same order of magnitude i n both groups. 
Details of individual l o c a l i t i e s are as follows:-
1. East Layton quarry. The northern part of the quarry shows only 
malachite i n small quantities on j o i n t surfaces, but the southern 
part contains considerable deposits. Malachite i s common through 
out the Main Limestone here, p a r t i c u l a r l y on j o i n t surfaces, where 
i t i s sometimes accompanied by azurite and occasionally cbalcopy-
r i t e . Mineralisation has mainly taken place, however, along the 
two NE-SW fault s crossing the south side of the quarry. The 
south-easterly of the two, .with a throw of some 9,' to the NW, 
carries widespread but small specks of cbalcopyrite (surrounded 
by secondary malachite) enclosed i n barytes, which cements the 
f a u l t breccia. Occasional cavities i n this.breccia contain small 
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clusters of radiating fibrous malachite. The other f a u l t , with 
a throw i n the same direction of at least 20', occupies a zone 
some 20' wide i n parts of the quarry. Within t h i s zone, bornite 
nodules about 1" i n diameter are common i n a t h i n shaley sandstone 
immediately underlying the Main Limestone, and are rather rare 
i n a sandy shale some 18" beneath the limestone base. Near the 
SW corner of the quarry, a temporary exposure of a cavity i n the 
f a u l t zone revealed a small quantity of chalcanthite, together 
with malachite and a l i t t l e azurite, on sandstone some 10f below 
the limestone. Chalcanthite i s rare i n B r i t a i n , due to i t s high 
s o l u b i l i t y , and thi s i s the f i r s t recorded occurrence of the 
mineral i n the north of England. The Main Limestone i n the 
f a u l t zone contains abundant massive cbalcopyrite ( p a r t i a l l y 
altered to goetbite) and a l i t t l e c o v e l l i t e , the former being 
generally coated with secondary malachite. 
2. Old roadside quarry 250 yards south of Melsonby cross-roads. The 
Underset Limestone bears traces of chalcopyrite and malachite on 
j o i n t surfaces. A very small f a u l t i n the quarry face i s not 
thought to have any connection with the occurrences. 
3. Old Copper Mine, Low Merrybent. No records are available from 
here, except that the ore was worked near a N-S f a u l t with an 
easterly throw of 60«. The shaft is sealed o f f , and an examinat-
ion of the old t i p s (nearly overgrown) yielded no copper-bearing 
minerals other than malachite. 
4. Kheeton Hall Old quarry. A shaft at the western end of the quarry, 
and an adit at i t s NW corner, have both worked small deposits of 
chalcocite and chalcopyrite, associated with which are secondary 
malachite and azurite. The workings have proved a f a u l t with a 
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throw of 4-5* to the ESE, which carries a l i t t l e galena. This i s 
the most westerly of the recorded l o c a l i t i e s for chalcocite, and 
at the same time the most easterly one f o r cbalcopyrite. 
Several old shafts some 200 yards west of Kneeton Hall have yielded 
Underset Limestone bearing a l i t t l e cbalcopyrite and malachite. 
5. Old quarry beside Sedbury Park Bast Drive. A trace of malachite 
was recorded from the gannister immediately underlying the Main 
Limestone. This l o c a l i t y i s within 100 yards of the Sedbury 
f a u l t . 
6. Small wood 300 yards north of Five H i l l s , Middleton Tyas. A 
small i n l i e r of sandstone beneath the Underset Limestone bears 
traces of malachite. There i s no evidence f o r f a u l t i n g within 
1/3 mile. 
7. Many l o c a l i t i e s i n and around Leyberry Plantation, Middleton Tyas. 
The only traces of copper now v i s i b l e are i n the form of malachite 
and azurite around former workings i n the Underset Limestone. 
But about 2 centuries ago there was i n Middleton Tyas a f l o u r i s h -
ing industry which has been described by Raistrick (1936). I t 
appears that the copper was discovered just before 1750, and was 
worked between 1752 and about 1770 by both Cornish and Derby-
shire miners. The ore was probably mostly chalcocite,"which 
occurred i n very irregular masses, often i n cavities more or less 
f i l l e d with 'ferruginous sand'. Raistrick mentions the occasional 
findings of lumps of native qopper. Bricks of slag from the 
smelting m i l l are s t i l l to be found i n the walls i n parts of the 
vi l l a g e . Two WNW-ESE faults have been mapped across Middleton 
Tyas, but i t appears that, although the copper ore may have been 
i n some way associated with them, i t did not by any. means always 
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occur along these f a u l t s . 
8. Black Scar quarryV'^iddleton Tyas. The Underset Limestone bears 
traces of malachite, sometimes with azurite, at a l l levels through-
out the quarry, but particularly on bedding planes and j o i n t 
surfaces. Ohalcocite i s also present as nodules i n the limestone, 
but more commonly i n pockets between j o i n t surfaces or along 
shaley partings i n the limestone. At the north end of the quarry 
a v e r t i c a l slab of chalcocite up to 1" thick, nearly a square foot 
i n area, and p a r t i a l l y altered to malachite, was found i n a j o i n t ' 
gap f i l l e d with brown clay. This may well be similar to those 
ore bodies i n cavities f i l l e d with 'ferruginous sand1 which were 
worked i n the 18th century. Deans (1951) has collected chalcocite 
from t h i s l o c a l i t y which can be seen ( i n polished section) to 
contain native copper. There i s no evidence of f a u l t i n g within 
mile of Black Scar quarry. 
9. Feldom Moor. Traces of chalcopyrite with malachite are present 
i n the Main Limestone where i t has been worked f o r lead by numerous 
small shallow p i t s some 300 yards north of the Feldom f a u l t . 
10. Feldom f a u l t . Many old b e l l - p i t s are located along the f a u l t 
f o r a distance of % mile, between points 200 yards NB of Bast-
Feldom and 500 yards NW of Buddie House. The ti p s from these 
old shafts contain plenty of galena, and i t was evidently mainly 
f o r t h i s that the old workings were sunk. But there i s also much 
chalcopyrite i n the Main Limestone brought up along the f a u l t zone, 
and t h i s has been p a r t i a l l y altered to goetbite, the copper from 
the change having gone into malachite and azurite. Secondary 
barytes ( l a t e r than the chalcopyrite) i s often stained green by 
malachite, and the formation of some of i t may have been due to 
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the sulphuric acid released during the alteration of the cbalcopy-
r i t e . I t might have been expected that covellite would mark 
an intermediate stage i n the alteration of chalcopyrite to goethite, 
but t h i s mineral was not recorded. The most easterly shaft i n 
t h i s set of workings has yielded some rather coarse sandstone 
(from a few feet below the base of the Main Limestone) which i s 
impregnated with malachite, presumably secondary after chalcopyrite 
i n the overlying limestone. Much of t h i s malachite i s i n small 
i n t e r s t i t i a l specks, but some rosettes of radial fibres occur up 
to a centimetre i n diameter. 
11. Ooalsgarth Vein. Traces of azurite and malachite occur on j o i n t 
surfaces i n the Main Limestone along the l i n e of t h i s small SB-
throwing f a u l t . There was an old shaft on the vein at the foot 
of the limestone feature, but i t i s not known f o r what purpose i t 
was sunk, and i t seems unlikely that i t met with any success. 
12. Beacon H i l l quarry. Traces of malachite and azurite occur on 
j o i n t surfaces i n the Main Limestone. The south Beacon H i l l 
f a u l t runs within 50 yards of the quarry. 
13. Gingerfield quarry. Malachite i s present i n very small quantifies 
i n dolomitised and veined Main Limestone, within a few yards of 
a small NE-SW f a u l t . 
14. Old quarry on the north side of Richmond Race Course. Traces of 
malachite and azurite occur i n the Main Limestone some 200 yards 
south of the.western part of the Bend Hagg f a u l t . 
15- Bend Hagg quarry. Malachite and azurite are found on j o i n t sur-
faces i n the Main Limestone just south of the Bend Hagg f a u l t . 
16. Quarry behind the Infectious Diseases Hospital, Richmond. Thin 
films of goethite containing small unaltered patches of chalcopyrite 
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and coated with malachite occur on j o i n t surfaces i n a coarse 
crinoidal limestone of the Richmond Chert Series. The nearest 
f a u l t i s nearly % mile away. 
17. Temple Grounds, Richmond. Pour levels f o r copper have been driven 
into the base of the Richmond Chert Series on the l e f t bank of 
the Swale, 100 yards west of The Temple. I t i s unknown what 
results were achieved, and only traces of malachite are now to be 
found. 
18. Old Copper Mines, B i l l y Bank Wood, Richmond. Two levels have been, 
driven into the lower part of the Richmond Chert Series on the 
rig h t bank of the Swale, the southerly one being along the li n e of 
the northern and major branch of the Richmond f a u l t . Both levels 
are now closed, but i t i s known that they proved suf f i c i e n t 
deposits (probably of chalcopyrite) to enable work to continue for 
a number of years. Malachite and azurite can be collected i n 
small quantities from around the entrances to the old levels. 
Three s t r i k i n g features emerge about these copper deposits. 
The f i r s t i s th e i r topographical location, roughly along the water-
sheds to the north and south of the G i l l i n g valley, and at elevations 
progressively increasing towards the WNW. The second i s that many 
of the deposits seem to be associated either dire c t l y or i n d i r e c t l y 
with lines of f a u l t i n g , but that some of them are so f a r removed from 
fa u l t s as to suggest that t h e i r o r i g i n may not necessarily be connected 
with the f a u l t s at a l l . Thirdly, the primary deposit i s chalcopyrite 
over most of the area, but th i s i s replaced i n the most easterly 
l o c a l i t i e s by cbalcocite. I t i s pointed out by Deans (1951 and 
personal communication) that these facts can be largely explained by 
supposing that the copper minerals originated i n the overlying Permian, 
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which at one time must have been no great distance above these 
Carboniferous rocks. Of the beds under consideration, those along 
the eastern parts of the watersheds north and south of the G i l l i n g 
valley must clearly have been nearest to the Permian unconformity, 
and as has been seen, th i s (with but one exception) i s precisely 
where the copper minerals are to be found. The exception i s the 
old copper mine i n Temple Grounds and B i l l y Bank Wood, Richmond 
( l o c a l i t i e s 17 and 18). Here i t may be supposed that due to the 
magnitude of the Richmond f a u l t (with which the deposits are asso-
ciated), and also because of the dolomitisation of limestones which 
has taken place along i t , the descending mineralising solutions, 
offered a r e l a t i v e l y easy channel, were able to penetrate to a 
greater depth than was the case elsewhere. I t must also be supposed 
that west of East Layton quarry ( l o c a l i t y 1) and Peldom Moor 
( l o c a l i t i e s 9 and 10), the Permian rocks were too high for the copper 
minerals to have percolated as f a r down as the present ground level. 
I t i s well known that the Permian i s unusually rich i n copper 
minerals, and Deans, has collected f o s s i l s which have been completely 
replaced by chalcocite. The process which i s visualised f o r the 
transport of these minerals i s merely one of descending ground waters, 
i t being an established fact that copper minerals are among the most 
susceptible to t h i s process (Lindgren, 1933, p.832). They are also 
easily precipitated minerals, and they can often be shown to have 
replaced primary pyrite. Cbalcocite commonly replaces not only 
pyrite but both chalcopyrite and galena ;as well, and i n t h i s instance 
i t would appear that the higher chalcocite zone (which can only have 
been a short distance beneath the Permian unconformity) i s one of 
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secondary enrichment from a more widespread chalcopyrite zone, which 
may i t s e l f have been due to replacement of primary sulphides. 
Native copper is not common i n zones of -secondary enrichment as i t 
i s soluble i n ILySO^ , but Deans has found i t associated with chalcocite 
I n the oxidation zone i t i s more usual for i t to be formed by way 
of cuprite (Cu 20), but chalcocite may sometimes a l t e r direct to 
native copper. I t i s significant that of the present cbalcocite 
deposits, the one which was evidently the richest (around Middleton 
Tyas, l o c a l i t y 7) was also the one which must have been closest to 
the overlying Permian. The fact that i n some places, notably along 
the Feldom f a u l t ( l o c a l i t y 10), the copper minerals are associated 
with galena should only be taken as showing that i t was along the 
faults (some of which happened to carry lead deposits) that the 
mineralising solutions tended to circulate most easily. Deans has 
found cbalcocite replacing galena, a well-known reaction i n 
secondary copper enrichment zones, which lends further support to his 
view that although the lead came up from below, the copper probably 
came down from above. 
(d) Petroleum. 
I t has long been known that the limestones of the Yoredale 
deries are often bituminous, a fact which is betrayed by t h e i r smell 
on being struck. Beds of Lower Carboniferous age have yielded o i l 
i n useful quantities i n several l o c a l i t i e s i n Derbyshire, and a 
bore-hole at Norton, Co. Durham, produced a l i t t l e o i l and much IL^ S 
from alternating Yoredale shales and sandstones underlying the 
Permian (Tate, 1892, p.489). Petroleum i s frequently present i n Coal 
Measure shales (sometimes i n commercial quantities) and i t cannot be 
certain that the o i l from Norton bad not originated i n the Coal 
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Measures. But the f a c t t h a t o i l i s known t o be present i n Lower 
Carboniferous rocks of the North of England l e d to a p a r t i c u l a r l y 
close i n v e s t i g a t i o n of the beds exposed along the axis of the 
Middleton Tyas-Sleightholme a n t i c l i n e . This structure i s very well 
suited t o the accumulation of o i l deposits, p a r t i c u l a r l y as i t 
incorporates a number of subsidiary domes along i t s axis. The l a r g -
est of these,, the G i l l i n g dome, i s c l e a r l y the most l i k e l y place f o r 
o i l ( i f a v ailable) t o accumulate, and the lowest bed t o outcrop 
round the dome i s the Simonstone Limestone, i n the lower part of the 
Middle Limestone Group. This limestone, when struck, gives o f f a 
smell of bitumen which i s p a r t i c u l a r l y strong even f o r a Yoredale 
limestone, and samples of the rock were crushed and subjected t o 
treatment with carbon t e t r a c h l o r i d e . The r e s u l t i n g brown d i s -
colouration proved th a t o i l as such i s present i n the limestone. 
Although i t contains only a very small quantity at the moment, t h i s 
f a c t suggests t h a t the Simonstone Limestone may here, at one time, 
have acted as a r e s e r v o i r rock f o r the accumulation of o i l . The 
breaching by erosion of t h i s horizon at the centre of the G i l l i n g 
dome would have allowed nearly a l l the o i l t h a t was then present to 
have flowed to waste, leaving only the present small quantity behind 
t o serve as evidence of the former accumulation. I t i s equally 
possible, of course, th a t t h i s limestone never contained any more o i l 
than i t does now, but the chance i s there, and s u i t a b l y porous sand-
stones and limestones f u r t h e r down i n the series beneath the Simon-
stone may also have acted as reservoir rocks. I f t h i s has been the 
case, the o i l w i l l s t i l l be there, and f o r t h i s reason i t follows th a t 
the p o s s i b i l i t i e s of s t r i k i n g o i l i n the G i l l i n g dome are not remote. 
A t r i a l i n the centre of t h i s subsidiary s t r u c t u r e , near Crabtree 
Farm on the south side of the G i l l i n g v a l l e y , should prove to be 
of considerable i n t e r e s t . 
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APPENDIX I 
F1&AL LISTS 
Numbers r e f e r t o f o s s i l l o c a l i t i e s , which are l i s t e d at the 
end of t h i s appendix. 
(a) Simonstone cyclotbem 
Archaediscus k a r r e r i Brady, 1, 2. 
Endothyra sp., 1. 
ammonoides Brady, 2. 
bowmani P h i l l i p s , 2. 
Howchinia bradyana (Howchin), 1, 2. 
Tetrataxis decurrens (Brady), 2. 
palaeotrochus (Ehrenberg), 2. 
Text u l a r i a gibbosa d'Orbigny, 2. 
Olisiophyllum sp., 1. 
Dibunophyllum b i p a r t i t u m konincki (Edwards and Haime), 1. 
Crinoid ossicles, 1 ( t o 3 mm), 2 ( t o 18 mm). 
Annelid tubes up to 1 cm. i n diam., 3a• 
Indet. bracbiopods, 1, 2. 
Penestrellina sp., 2. 
Perrniretepora sp., 2. 
Polypora sp., 2. 
(b) Middle cyclothem. 
Arcbaediscus k a r r e r i Brady, 3b. 
Endothyra ammonoides Brady, 3b 
bowmani P h i l l i p s , 3b. 
Howcbinia bradyana (Howchin^, 3b. 
Tetrataxis decurrens (Brady), 3b. 
palaeotrocbus (Ehrenberg), 3b. 
Textularia gibbosa d'Orbigny, 3b. 
Trochammina sp., 3b. 
Obaetetes depressus (Fleming), 4. 
Olisiophyllum cf\ k e y s e r l i n g i M'Coy, 3b. 
Diphyphyllum sp., 3b. 
Eoninckopbyllum ecbinatum (Thomson), 3b. 
L i t b o s t r o t i o n junceum (Fleming), 3b. 
m'coyanum Edwards and. Haime, 5« 
Crinoid ossicles, 7 ( t o 21 mm). 
Smooth annelid t r a i l s , 8. 
Eione sp. Tate, 8. 
Brachytbyris decora ( P h i l l i p s ) , 3b. 
Froductus (Dictyoclostus) c f . muricatus P h i l l i p s , 3b. 
(Echinoconchus) punctatus ( M a r t i n ) , 6. 
(Gigantoproductus) giganteus (Martin) group, 3b, 6. 
( ) latissimus J. Sowerby group, 3b. 
. (Linoproductus) hemispbericus J. Sowerby, 3b. 
S p i r i f e r s t r i a t u s (Martin) group, 3b. 
Hhombopora sp., 3b. 
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( c ) 5 Yard cyclothem. 
Indet. plants, 24. 
Arcbaediscus k a r r e r i Brady, 14, 15-
Endothyra ammonoides Brady, 15. 
bowmani P h i l l i p s , 10, 14, 15-
Howchinia bradyana (Howchin), 10. 
Tetrataxis decurrens (Brady), 15. 
Text?ularia gibbosa d'Orbigny, 16. 
Syringopora sp., 13• 
Crinoid ossicles, 21 ( t o 17 mm), 22 ( t o 7 mm).. 
Bracbythyris sp. (young s h e l l ) , 18, 19. 
Leptaena analoga ( P h i l l i p s ) , 9. 
Ortbis (Rhipidomella) m i c b e l i n i ( L e v e i l l S ) , 11. 
Productus sp., 9« 
fDictyoclostus) c f . insculptus Muir-Wood, 20. 
( ) pinguis Muir-Wood, 9-
( ; semireticulatus ( M a r t i n ) , 9. 
(Gigantoproductus) gig'anteus (Martin) group, 23. 
(Productus) c f . redesdalensis Muir-Wood, 9« 
S p i r i f e r i n a insculpta ( P h i l l i p s ) , 12. 
Penestrellina sp., 22. 
Penniretepora sp., 12. 
Polypora sp., 12. 
Rhombopora sp., 17» 22. 
(d) 3 Yard cyclothem. 
Stigmaria, 34. 
Indet. plants, 35> 36. 
Archaediscus k a r r e r i Brady, 25. 
Endothyra ammonoides Brady, 25, 29 } 30. — - — bowmani P h i l l i p s , 25, 27, 29, 30, 31, 32. 
Howchinia bradyana (Howchin), 25, 26. 
Tetrataxis sp., 29. 
OJextularia gibbosa d'Orbigny, 25. 29, 31, 32. 
Diphyphyllum lateseptatum (M'Coy), 27. 
Orinoid ossicles, 28 ( t o 8 mm.). 
Productus sp., 27* 
(Productus) redesdalensis Muir-Wood, 35« 
Schellwienella rotundata I . Thomas, 33. 
S p i r i f e r sp., 33> 37* 
Gycloceras sp.,28. 
Sanguinolites p l i c a t u s M'Coy, 36. 
(e) Underset cyclothem. 
Indet. plants, 56. 
Archaediscus k a r r e r i Brady, 41. 
Howchinia bradyana (Howchin), 41. 
vSaccamminopsis l u s u l i n i f o r m i s (M'Coy) (= Saccammina c a r t e r i 
Brady), 38. 
Tetrataxis decurrens (Brady), 42. 
Textularia gibbosa d'Orbigny, 42. 
?Hyalostelia sp., 40. 
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Peromelia sp. ( s p i c u l e s ) , 54. 
Aulophyllum fungites. (Fleming), 39. 
CaniBia sp., 45-
Dibunophyllum b i p a r t i t u m b i p a r t i t u m (M'Ooy), 38. 
ef. craigianum (Thomson), 40. 
Zaphrentis sp., 43. 
Crinoid ossicles, 56 ( t o 10 mm.), 40. 
Ureocrinus bockschii ( G e i n i t z ) 45. 
Bracbytbyris decora ( P h i l l i p s ) , 46. 
Chonetes hardrensis P h i l l i p s , 56» 57. 
Lingula quadrata Eichwald, 47. 
squamiformis P h i l l i p s , 48, 56. 
Orthotetid, 46. 
Productus sp., 40, 47, 49, 59, 60, 61. 
(Dictyoclostus) cf. insculptus Muir-Wood, 56. 
(_ ) muricatus P h i l l i p s , 57-
> IBchinoconcbus) elegans M'Coy, 44 , 50. 
( ) punctatus ( M a r t i n ) , 40. 
(Eomarginifera) sp., 56. 
( ) lobatus J. Sowerby, 57* 
(Gigantoproductus) latissimus J. Sowerby group, 40, 46. 
( P l i c a t i f e r a ) p l i c a t i l i s J. Sowerby, 56. 
(Productus) concinnus J. Sowerby, 56, 57. 
( ) productus (Martin) group, 59* 
( ) redesdalensis Muir-Wood, 56, 57. 
Rhipidomella a f f . carbonaria (Swallow), 56. 
Schizophoria resupinata ( M a r t i n ) , 57. 
Smooth S p i r i f e r i d , indet., 40. 
S p i r i f e r , sp., 40, 49, 5i> 56. 
Fenestrellina sp., 56, 57, 59. 
Aviculopecten sp., 56. 
Leiopteria c f . laminosa ( P h i l l i p s ) , 46. 
Nucula oblonga M'Ooy, 56. 
Posidonia membranacea (M'Ooy), ?55, 58. 
Posidoniella l a e v i s (Brown), 56. 
minor (Brown), 56. 
Pseudamusium sublobatum ( P h i l l i p s ) , 56. 
Syncyclonema c f . sowerbyi (M'Coy), 55. 
Bucaniopsis decussatus (Flemming) group, 56. 
Bupbemites u r e i (Fleming), 56. 
?Glabrocingulum sp., 53. 
Straparolus sp., 56. 
?Worthenia sp., 5 2-
Orthocone n a n t i l o i d , 56. 
Stroboceras sulcatum ( J . de 0. Sowerby), 56. 
Ostracods, 53. 
Crushing tooth of Petalodus, 48. 
( f ) Main cyclotbem. 
Calcareous algae, 68, 73, 77, 79. 
Indet. plants, 81. 
Organism , 63. 
Arcbaediscus k a r r e r i Brady, 63. 
Endothyra ammonoides Brady, 62. 
bowmani P h i l l i p s , 62, 64, 67, 68. 
Tetrataxis decurrens (Brady), 62, 64. 
Eeaefeularia gibbosa d'Orbigny, 64, 67, 69. 
Trochammina p u s i l l a ( G e i n i t z ) , 62. 
Hyalostelia sp, (body spicules), 73* 
Aulophyllum fungites (Fleming), 74. 
Gbaetetes depressus (Fleming), 70, 71, 72. 
Dibunophyllum b i p a r t i t u m craigianum (Thomson), 65-
— — — — . konincki (Edwards and Haime), 65, 66. 
Diphyphyllum lateseptatum (M'Ooy), 62. 
Lonsdaleia f l o r i f o r m i s c f . l a t i c l a v i a Smith, 72. 
Zaphrentis delanouei Edwards and Haime group, 80. 
Archaeocidaris (Echinocrinus) sp. (spine), 80. 
Orinoid ossicles, many l o c a l i t i e s ( t o 7 mm.). 
Annelid tubes ( t o 2 mm. diam.), 84. 
Eione sp. Tate, 87-
Serpulites longissimus, 82. 
Spirorbis sp., 81. 
Atbyris sp., 77• 
Oamarotoecbia pleurodon ( P h i l l i p s ) , 80. 
C r u r i t h y r i s sp., 80. 
Lingula quadrata Eichwald, 81. 
squamiformis P h i l l i p s , 81, 82. 
Productus sp., 84, 851 86. 
(Dictyoclostus) semireticulatus (Martin) group, - T (Echinoconchus) sp., 78. 
(- ) elegans M'Goy, 71. 
(Eomarginifera) sp., 80, 85. 
( ) longispinus J. Sowerby, 83* 
(Productus) sp., 80. 
Pugnax pugnus (M a r t i n ) , 76. 
Schellwienella rotundata I . Thomas, 84. 
S p i r i f e r bisulcatus J. de C. Sowerby, 81. 
Eenestrellina sp., 63. 
Bhabdomeson sp., 63. 
Ehombopora sp., 63. 
Aviculopecten sp., 81. 
Myalina v e r n e u i l i i (M f0oy), 81. 
ITuculana attenuata (Fleming), 80. 
Nueulopsis gibbosa (Fleming), 80, 81. 
Pseudamusium e l l i p t i c u m ( P h i l l i p s ) , 80. 
Sanguinolites cf. abdenensis E. Etheridge ju n . , 80. 
cf. ovalis Hind, 82. 
Solenomya primaeva ( P h i l l i p s ) , 82. 
Syncyclonema sowerbyi (M^oy), 80. 
Bucaniopsis sp., 80. 
Eupbemites u r e i (Fleming), 80. 
Glabrocingulum cf. beggi E.G. Thomas, 80. 
Hesperiella thomsoni de Eoninck, 80. 
Macrochilina sp., 80. 
Straparolus sp., 80. 
Zygopleura sp., 80. 
Orthocone n a u t i l o i d , 82, 83. 
Coleolus g r a c i l i s H a l l , 80, 81. 
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Cycloceras sp., 80. 
Stroboceras sulcatum ( J . de C. Sowerby), 80. 
Non-mucronat#i^ilobite pygidium, 75. 
P b i l l i p s i a (Weberides) mucronata M'Coy group, 80. 
Crushing tootb of Fish, 82. 
Palaeoniscus scales, 81. 
(g) L i t t l e cyclotbem. 
Organism 91. . 
Archaediscus k a r r e r i Brady, 88, 102. 
Endothyra ammonoides Brady, 88. 
bowmani P h i l l i p s , 88, 103, 104, 107. 
Textu l a r i a gibbosa d'Orbigny, 107, 117• 
Indet. sponge, 89, 90. 
Hyalostelia p a r a l l e l a (M'Coy), 89, 90. 
s m i t h i i (Young and Young), 89, 90, 97, 98, 99, 105, 109, 
123, 125, 126. 
Caninia sp., 100, 104. 
Chaetetes depressus (Fleming), 89. 
septosus (Fleming), 127. 
Dibunophyllum sp., 100, 104. 
bip a r t i t u m konincki (Edwards and Haime), 97. 
Dipbyphyllum lateseptatum (M'Coy), 114, 115, 116. 
Koninckophyllum magnificum Thomson and Nicholson, 100. 
Zaphrentis sp., 90. 
cu r v i l i n e a Thomson, 96. 
Crinoid ossicles, 94 ( t o 18 mm.), 120 ( t o 21 mm.), 121 ( t o 13 mm.) 
Woodocrinus macrodactylus de Koninck, 94. 
Camarotoechia angulata (Linnaeus), 92. 
pleurodon ( P h i l l i p s ) , 92, 93, 98, 101, 110. 
?Cr u r i t h y r i s sp., 106. 
Derbyia h i n d i I . Thomas, 92. 
Ort h o t e t i d , 110. 
Productus sp., 92, 101, 104, 106, 119, 122, 123. 
(Buxtonia) cf. scabriculus ( M a r t i n ) , 93. 
(Dictyoclostus) sp., 105. 
( - — ) p u g i l i s P h i l l i p s , 89. 
(Echinoconchus) elegans M'Coy, 108. 
_ ( ) punctatus ( M a r t i n ) , 90, 97, 106. 
(Eomarginifera) sp., 89. 
(Productus) carbonarius de Koninck, 92, 101, 109. 
Pugnax pugnus (Mar t i n ) , 101, 109. 
S p i r i f e r sp., 110. 
— — bisulcatus J. de C. Sowerby, 114. 
s t r i a t u s (Martin) group, 111. 
Encrusting bryozoan, 89. 
Fenestrellina sp., 93, 96, 98, 112. 
Rhabdomeson sp., 98. 
Rhpmbopora sp., 89, 118, 119. 
Aspieulopecten sp., 98. 
— d i s s i m i l i s (Fleming), 113. 
Cy p r i c a r d i e l l a p a r a l l e l a ( P h i l l i p s ) , 90. 
T r i l o b i t e pygidium, indet., 95. 
Ostracods, 93» 98-
Fish to o t h , 124. 
INDEX OF FOSSIL LOCALITIES 
Six f i g u r e numbers are National Grid references. 
Simonstone Limestone. 
1. Crabtree quarry, 163054. 
Gillingwood Limestone. 
2. Small quarry i n feature, 250 yards WNW of Long Acres quarry, 
178044. 
Sandstone beneath Middle Limestone. 
3a. Long Acres quarry, 181043. 
Middle Limestone. 
3b. Long Acres quarry, 181043. 
4. On feature, 300 yards N of High Scales, 163049-
5. From w a l l , 400 yards NE of High Scales, 166049. 
6. Small quarry at fo o t of Lythe Wood, 168073-
Sandstone beneath 5 Yard Limestone. 
7. M i l l Scar, B r i g n a l l Banks, 044113. 
8. G i l l Beck, 062111. 
5 Yard Limestone. 
9. Whashton Springs quarry, 152047. 
10. Old quarry 270 yards ENE of G i l l i n g Reservoir,* 190059. 
11. E l l e r Beck, 028116. 
12. 150 yards W of Moorcock H a l l , on feature, 066098. 
13. 150 yards SW of Moorcock H a l l , i n g u l l y , 066097. 
14. 620 yards W of Sturdy House, i n l i t t l e beck, 132053. 
15. Beck SE of Gayles, at 725 ! O.D., 127069. 
16. Holgate Beck, immediately S of main f a u l t , 063043. 
17. Base of W h i t c l i f f e Wood, small quarry, 143012. 
18. North bank of Greta, 500 yards ENE of Gillbeck Foot, 066115. 
19. South bank of Greta, SW side of M i l l Scar f a u l t , 045110 
20. Quarry at 540' O.D. o f f Forcett Lane, 178069. 
21. Scale Knoll G i l l , 50 yards above Ford, 054090. 
Shale and sandstone beneath 3 Yard Limestone. 
22. G i l l SW of Barningham at 890* O.D., 076097. 
23. South bank of Greta opposite Tebb Wood, 077120. 
24. Scar i n N. bank of Greta, 270 yards W of Thackholme, 022128. 
3 Yard Limestone. 
25. Beck E of B r i g n a l l , at 525* O.D., 077123. 
26. Punchard G i l l , # mile WSW of Punch ard House, 968047. 
27. Waitgate G i l l , 300 yards NW of Waitgate, 083047. 
28. As 22. 
29. Scotchman's Stone, B r i g n a l l Banks, 081124. 
30. Waitgate G i l l , 50 yards 3W of 27. 
31. As 24. 
32! B r i g n a l l Banks, 60 yards SW of 29-
Sandstone and shale beneath Underset" Limestone. 
33. Moresdale Beck, 300 yards SW of Kexwith, 052049-
34. Beck 60 yards E of Bowes Sewage Works, 001133. 
35. North bank of Greta, i n g u l l y S of Stone Bridge, 008132. 
36. Wycliffe B.H., 122, 134. 
37. East bank of Holgate Beck, 500 yards NW of Holgate, 064041. 
Underset Limestone. 
38. Quarry 400 yards E of Browson Bank, 128102. 
39. SE corner of Kneeton H a l l quarry, 250 yards EE of Kneeton 
H a l l , 214070. 
40. North end of Black Scar quarry, Middleton Tyas, 231052. 
41. T e l f i t Bank, 400 yards SW of T e l f i t , at 950' O.D., 084024. 
42. Quarry 400-500 yards NE of Grange Castle, 186079-
43. T e l f i t Bank, 200 yards 3SW of 41, a t 950' O.D.,"083022. 
44. Kexwitb Beck, 250 yards N of Kexwith, 053053-
45. O l l i v e r quarry, 300 yards SW of 0 1 l i v e r , 183029. 
Underset Chert. 
46. As 40. 
47. West bank of Waitgate G i l l , below T h r i n g i l l H i l l , at 990' 0 
083040. 
48. East bank of Waitgate G i l l , 200 yards 83E of Waitgate, 
at 960' O.D., 085044. 
49. Quarry 1000 yards S of Pace's House, 115058. 
50. South bank of g i l l NW of Rake Gate, 079057. 
51. I n g i l l , 220 yards NW of 50, 076058. 
52. Clapgate Beck, beneath bridge, 112017. 
53. Bast bank of Waitgate G i l l , 90 yards W of Waitgate, 085046. 
54. 100 yards NNW of 50, i n north bank of g i l l . 
55. How Low G i l l , 450 yards SSW of Whorlands, 997123. 
Sandstone and shale between Main and Underset Limestones. 
56. Wycliffe B.H., 122134. 
57- Kilmond quarry, 350 yards N of Jock House, 023135. 
58. North bank of Greta at Gilmonby Bridge, 995133. 
59. North bank of Greta 8 of Bowes, 993133. 
60. Chert G i l l , 200 yards N of road, 989124. 
61'. Shake bole W of Quarry H i l l , 001122. 
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Main Limestone. • 
62. As 57-
63. South side of dry channel, 230 yards NW of Shepherd's H a l l , 
088047. 
64. Arndale Hole, 50 yards SE of confluence, 053058. 
65. E l l e r Beck, 100 yards S of bush, 99H02. 
66. Sleightholme Beck, 300 yards NE of Trough Heads, 964114. 
67. Dickey Edge, 810' O.D., 087031. 
68. Chert G i l l , 30 yards S of road, 988123. 
69. River Tees, Rokeby Gorge, 60 yards above Abbey Bridge, 065149. 
70. Fallen block on T e l f i t Bank, 083020. 
71. From w a l l , 50 yards NW of Dalefla t Spring, 108041. 
72. Applegarth Scar, 400 yards W of West Applegarth, a t 
740» O.D., 122015. 
73. Shaw Beck, 100 yards SE of The Green Dragon Inn, 053027. 
74. Top of bank, 130 yards WSW of Waitgate Barn, 088054. 
75. Quarry 470 yards W2W of Limekiln H i l l , 098023. 
76. W^ycliffeB.H., 122134. 
77. Ovening Nick, Faggergill, 982070. 
78. Hulands quarry (north end), 015140. 
79. East Black Sike, 300 yards 3SW of Shooting Box, 996098. 
Beds between Main and L i t t l e Limestones. 
80. Wycliffe B.H., 122134. 
81. Black Scar, Sleigbtholme Beck, 350 yards S of 66, 964113-
82. Old quarry on bank at 840' O.D., 100 yards NW of T e l f i t , 
086027. 
83. Quarry on S bank of Swale, 280 yards above Richmond Bridge, 
168005-
84. G i l l 200 yards SW of D o o r g i l l Head, 014077-
85. Gully at SW end of High Seavy Rigg, a t 1410' O.D., 973090. 
86. Blind G i l l , at SW end of Carkin Bank, 986078. 
87. Black Sike, a t 15351 O.D., 995074. 
L i t t l e Limestone and Richmond Chert Series. 
88. 15 yards ESE of 87, i n sike. 
89. W h i t c l i f f e Scar, NE of High Applegarth, 134020. 
90. Quarry at 430' O.D., 480 yards W of Forcett Valley, 161119. 
91- Marske quarry, 113996. 
92. Bank 150 yards SEof Bend Hagg, 175021. 
93. Shale band i n w a t e r f a l l , Shaw Beck, SSE of Tongue H i l l , 
063026. 
94. From wal l on Pattison P l a i n , 500-600 yards NE of Helwith, 
. 079033. 
95. South bank of Thrin G i l l , a t 950' O.D., 081037. 
96. Block f a l l e n from NW side of Shaw Beck, 320 yards NE of 
Prys Level, 068027-
97. Dickey Edge, a t 925 1 O.D. opposite G i l l Wood, 085034. 
98. East bank of Waitgate G i l l , above Buzzard Scar, at 1050' O.D., 
087042. 
99. South bank of Shaw Beck, at 850* O.D., 450 yards WSW of 
Helwitb, 071028. 
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100. From wall at top of bank, SB of Olapgate Scar, 119025. 
101. Dry g i l l 600 yards KB of Co r d i l l e r a s , 099041. 
102. East side of Leyburn road metal quarry, 094916. 
103. Bast bank of Hurr G i l l , 220 yards SE of old shaft, 011066. 
104. Quarry east of I n f a n t r y Barracks, Richmond, 177017. 
105. Jagger Well, Richmond Out Moor, 135032. 
106. Gully 230 yards N of Stone Man, Stang, 020071-
107. Arndale Beck, 1200 yards upstream from sheepfold, 038064. 
108. South bank of Marske Beck, a t 750* O.D., 500 yards ESS of 
Helwith, 079028. 
109. Scar i n N bank of Feldom G i l l , 350 yards WSW of Low" 
Feldom, 109037-
110. Dry g i l l 450 yards ESE of 101, 104039-
111. High Band, 600 yards NNE of Cocker H i l l , 045075-
112. 15 yards W of 84, i n g i l l . 
113. I n g r a i n at 1710» O.D., 380 yards SW of 84, 012074. 
114. I n Swale, 110 yards W of Red House Farm, 185995-
115- From wal l at 840* O.D. on T e l f i t Bank, 300 yards SW of 
Orgate Bridge, 090014. 
116. South bank of Shaw Beck at 900* O.D., 100 yards W of 
Prys Level, 065025. 
117. Roan Beck, 15 yards SW of The Green Dragon Inn, 053027. 
118. Gully 100 yards HE of Round H i l l , 005083. 
119. Shake bole 570 yards ITE of Arndale H i l l , 028071. 
120. 240 yards SSE of 117, 054025. 
121. I n N bank of Shaw Beck, 150 yards NE of 99. 
122. Thrin G i l l , 100 yards above 95. 
123. North side of Arndale Hole 250 yards NE of confluence, 
054060. 
124. Feldom G i l l , 300 yards WSW of 109, 107037. 
125. Crag 15 yards SE of Clapgate Spring, 121023. 
126. Old quarry 100 yards NE of Micklow H i l l , 212102. 
127- Bleaberry Beck,"853085. 
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APPENDIX I I 
RECORDS OF BORE-HOLES 
1. wYCLIFFE BORE 
Record of a "bore f o r a water supply f o r lli&rcliffe H a l l , sunk 
between HS^cliffe and Hutton Magna by J.T. Hymas, Burton Leonard, 
Harrogate, 1953. 
Core examined by A.J. Wells, October-December 1953. L o c a l i t y , 
350 yards north of St Mary's R.C. Church, Hutton Magna, National 
Grid reference 122134. Height, 460' above O.D. 
Thickness Depth 
1. Glacial d r i f t . Top 18 f t contains large 
boulders up to 4 f t i n diameter, mostly 
of l o c a l Yoredale beds, mainly limestone, 
and some sandstone. E r r a t i c s also brought 
up included a Shap granite, 2 Borrowdale 
volcanics and a coarse pebbly g r i t . 
Below 18 f t mainly clay with cobbles. 76 f t 76 f t 
2. Shale, dark grey, so f t and very uniform. 
Top 20 f t u n f o s s i l i f e r o u s apart from one 
Lingula. Poorly f o s s i l i f e r o u s generally, 
apart from t h i n bands where f o s s i l s are 
r e l a t i v e l y common. These contain mainly 
fragments of Productids, also Rbyncbonellids, 
orthocone Nautiloids and 2 t r i l o b i t e s . No 
marked tendency f o r any p r e f e r e n t i a l 
d i r e c t i o n of p a r t i n g , and bedding only r a r e -
l y apparent. A few horizons show a very 
rude v e r t i c a l hexagonal j o i n t i n g . Very 
scattered ironstone nodules up t o 1%" by 6", 
but r a r e l y more than 1" by 3". Part of a 
much larg e r septarian nodule came up 30 f t 
from the base, below which no f u r t h e r 
f o s s i l bands occurred, only very scattered 
and sometimes p y r i t i s e d Productids and 
Rhynchonellids, mostly fragmentary. • Parts 
of slickensided surfaces were occasionally 
seen here. Two smaller septarian nodules 
(V/2" by 4") 8-10 f t above the base, and rough v e r t i c a l j o i n t i n g i s more common i n 
the lower 20 f t . Most of t h i s part of the 
core was broken during d r i l l i n g , and 
depths are only approximate. 94 170 
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3. Top of MA.IN Limestone. Shaley limestone 
with f i n e s h e l l fragments and some 
bryozoa, also small c r i n o i d ossicles. 1'6" 171'6" 
4'10" 176'4 M 4. Grey 1st (2») on sbaley 1st (4") on grey 1st (2'6") 
5. S l i g h t l y calcareous shale with scattered 
Rhynchonellids and Productid spines. 10" 177'2 M 
6. Grey 1st with small c r i n o i d ossicles (3') 
on s l i g h t l y calcareous shale with 
scattered Rbynchonellids ( 7 " ) . 3'7" 180'9" 
7. Grey c r i n o i d a l 1st, traces of ?chalcopyrite 
on v e r t i c a l p a r t i n g ( 1 ! 8 U ) on s l i g h t l y 
calcareous shale with scattered Rhynchonel-
l i d s and some vague s l i g h t l y p y r i t i c 
markings on bedding planes ( 3 " ) . I ' l l " 182*8" 
8. Grey c r i n o i d a l limestone with many i r r e g -
u l a r argillaceous streaks, which become 
less frequent i n the lower 6 f t . They are 
ess e n t i a l l y s i m i l a r t o those seen i n the 
Main 1st i n Porcett quarry. 38 T 220*8" 
9- Grey non-streaky c r i n o i d a l 1st, containing 
a small c a v i t y l i n e d with l i t t l e curved 
dolomite c r y s t a l s . 2' 222'8" 
10. Bottom of MA.IN limestone. Brownish-grey 1st 
with small c r i n o i d ossicles. 4'2" 226*10" 
11. Dark s l i g h t l y calcareous shale, many s h e l l s , 
fragmentary and some p y r i t i s e d towards 
top, but lower p a r t has a number of whole 
specimens, mainly Productids. 5" 227'3" 
12. Dark s l i g h t l y sandy u n f o s s i l i f e r o u s shale, 
considerable mica, some p y r i t e . 1* 228'3" 
13. Dark shale with many p y r i t i s e d spiny 
Productids and some c r i n o i d ossicles. 3" 228'6 U 
14. Dark micaceous sandy shale, u n f o s s i l i f e r o u s , 
many very t h i n and very i r r e g u l a r b r i g h t 
coal streaks, especially i n upper 4", many 
small carbonised wood fragments. 1'6" 230* 
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15. Grey rather fine-grained micaceous sand-
stone with many t h i n and i r r e g u l a r sandy 
shale streaks. Unfossiliferous except f o r 
u n i d e n t i f i a b l e plant remains near base, 
where a t h i n coal streak also occurs. 
Mica flakes are both brown and white, and 
get progressively smaller downwards. 2'10" 232'10" 16. Rapidly a l t e r n a t i n g sandy shale and 
shaley sandstone, small mica flakes and 
scattered plant remains. 3'3" 236'1" 
17. S l i g h t l y sandy shale, very small mica 
f l a k e s , scattered p l a n t remains and some 
small p y r i t e nodules. 1»8" 237'9" 
18. Shale, occasional s l i g h t l y sandy bands with 
small mica f l a k e s . Many small p y r i t e 
nodules, and scattered plant stems. 4 I3" 242' 
19. Light grey medium-grained sandstone with 
a few white mica flakes and a few i r r e g u l a r 
shaley streaks. 4'6" 246 f6" 
20. Thinly bedded and r a p i d l y a l t e r n a t i n g sst 
and sandy shale bands, current-bedded. 
Considerable mica on bedding planes. 2*6" 249' 
21. Light grey current-bedded medium-grained 
sandstone, with very t h i n micaceous sbaley 
streaks p i c k i n g out bedding. 3' 252' 
22. Rapidly a l t e r n a t i n g sandy shale and shaley 
sandstone bands, current-bedded, micaceous 
and very scattered small p y r i t e nodules. 3' 255' 
23. Rapidly a l t e r n a t i n g sandy shale and sbaley 
sandstone bands, some mica on sandy beds, 
3 Broductids from shaley band a foot above 
the base. Very scattered small p y r i t e 
nodules. 4» 259' 
24. Shale with t h i n sandy shale bands, a number 
of very small ironstone nodules and a few 
scattered small p y r i t e nodules. 
Unfossiliferous. I13" 260*3" 
25. Grey shale, small ironstone nodules and 
some small p y r i t e nodules, poorly f o s s i l i -
ferous, very occasional sometimes p a r t i a l l y 
p y r i t i s e d Eroductids and small Lamelli-
branchs. Occasional t h i n s l i g h t l y sandy 
beds with very small mica flakes and no 
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f o s s i l s . A few short lengths of very 
small c r i n o i d ossicles. Single "bedding 
plane 9 I 1 " from top crowded with 
p a r t i a l l y p y r i t i s e d Productids. 10' 270 f3" 
26. Grey shale, nodules less frequent but 
large r ( t o 2" by 3") than 25, and very 
knobbly. No p y r i t e nodules. 5 f t down 
a s l i g h t l y sandy horizon 3" t h i c k contains 
a number of Productids. 6 f t down a small 
piece of p l a n t was found adjacent t o a 
Productid. 11'-12' down some nodules 
assume a roughly h o r i z o n t a l c y l i n d r i c a l 
shape. 13' 283'3" 
27. Grey s l i g h t l y sandy shale with small mica 
fla k e s , f a i r l y common pl a n t remains, occa-
sional small Lamellibranchs, rare Productids, 
some with spines p y r i t i s e d , and a few small 
ironstone nodules. 7' 290'3" 
28. As 27, except t h a t only plants are found, 
apart from one small JJroductid and two 
small lamellibranchs. 5* 295*3" 
29. Shale, very s l i g h t l y sandy. Two gasteropods 
2 1 down, very rare very small c r i n o i d 
ossicles i n short lengths, plant remains 
continue r i g h t through but become rather 
scarce i n lower 3'. 6* 301'3" 
30. Dark grey shale with very occasional t h i n 
s l i g h t l y , sandy bands. Many small ironstone 
nodules and rare p l a n t remains i n upper 10 f t . 
Also very rare short lengths of very small 
c r i n o i d ossicles. 
31. Dark shale with common small ironstone 
nodules. Two p l a n t fragments 4 f t down, 
a Ohonetes 8}& f t down, a very small Produc-
t i d 10 f t down, a ?gasteropod l l ^ " down. 
Ironstone nodules tend to be sausage-shaped 
i n p a r t s , disc-shaped i n others, often 
spherical, but always small, becoming rather 
less common i n the bottom 6 f t . A small 
p y r i t e nodule a f o o t from base. 29*311 346* 
32. Dark shale with no nodules. l'S" 347 16" 
33. Mudstone, very d i f f i c u l t t o s p l i t i n a 
p a r t i c u l a r d i r e c t i o n . A small Productid 
6" down., several below 350 f t . Probable 
l a t e r a l equivalent of the Underset Chert. 7«6** 355* 
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34. Shale, a tendency t o s p l i t across the 
bedding. A Lingula a foot down, 2 Chonetes 
and an orthocone N a u t i l o i d 4' down. 7'6" 362'6" 
35. Dark shale with .fine s h e l l debris, c r i n o i d 
ossicles (some with pentagonal canals) and 
a few orthocone Nautiloids 2' 364'6" 
36. Shale. 6« 365 T 
37. UNDERSET Limestone. Greyish-brown c r i n o i d a l 
limestone, argillaceous streaks i n upper 
10", c r i n o i d a l debris decreasing t o become 
only scattered towards base. Some 
Productids. 18 * 383 1 
38. S l i g h t l y p y r i t i c shale, probably s l i g h t l y 
calcareous, with many c r i n o i d ossicles. 1" 383'1" 
39. Gannister with many roots. 3' 386'1" 
40. Hard grey fine-grained sandstone, with white 
mica and some roots. 2'8" 388 ,9" 
41. Sandy shale, variable mica, scattered 
p y r i t e nodules, many plants. 3 , 1 " 391'10" 
42. Pale grey medium-grained thickly-bedded 
sandstone, much white mica on bedding planes. 3'2" 395' 
43» Pale grey sandstone with many very t h i n 
partings of micaceous sandy shale. 9 !6" 404'6" 
44. Sandy micaceous shale, with occasional bands 
of shaley sandstone. Scattered plant . 
remains. 9' 413'6" 
45. S l i g h t l y sandy shale, very small mica f l a k e s , 
unfoss. 7' 420'6" 
46. Sandy shale with p l a n t remains. 6" 421' 
47. S l i g h t l y sandy shale, very scattered plant 
remains. 4'6" 425 f6" 
48. Very pale medium-grained hard sandstone, 
with a few very t h i n micaceous sandy shale 
partings which increase i n number towards 
the base. 5'6" 431' 
49. Rapidly a l t e r n a t i n g pale sst and micaceous 
sandy shale bands, scattered plants i n 
l a t t e r . Sst predominates i n upper part but 
i s very subordinate towards base. 4' 435' 
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50. Sandy shale, abundant plant remains, part 
of a f a i r l y large ironstone nodule 3 f t 
down. 3*6" 438'6" 
51. A l t e r n a t i n g sandy shale and micaceous shaley 
sandstone, several bands of hard pale sand-
stone , bedding poor, plant remains i n the 
more shaley bands. 4 '6 " 443* 
52. S l i g h t l y sandy shale, very scattered p l a n t 
remains. Fragments of small l a m e l l i -
branchs and a small Productid from 18" 
down. Many plants i n bottom 3". 2 '6" 445'6" 
53. Pale hard sandstone with t h i n sandy shale 
partings, with much white mica. One shaley 
p a r t i n g i s penetrated by s a n d - f i l l e d 
"burrows". 3 ,-6" 449' 
54. Sandy shale with several sandstone bands 
towards base. Scattered plants. 3 f 452' 
55 • Sandstone with very many t h i n and poorly 
bedded sandy shale partings. Much white 
and brown mica and carbonaceous matter on 
parting s , apparently u n f o s s i l i f e r o u s . 6' 458 • 
Both the Main and Underset Limestones were completely dry 
i n t h i s bore. An adequate domestic supply was obtained from the 
a l t e r n a t i n g non-marine sandstones and shales beneath the Underset 
Limestone, but an analysis of t h i s water, by Richardson and Jaffe 
of Bradford, showed i t t o be of an unusual type. Details of the 
analysis are as fo l l o w s : -
Parts per m i l l i o n 
Total solids 680 
Chloride 29 
Permanent hardness N i l 
Temporary hardness 4 
Lead, Zinc, Copper N i l 
I r o n 0.24 
Ammonia 0.52 
A l k a l i n i t y 514 
The high a l k a l i n i t y of t h i s water i s due mostly t o sodium 
bicarbonate, with some sodium carbonate, the pH value being 8.8. 
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Sodium "bicarbonate i s one of the c h a r a c t e r i s t i c essential c o n s t i -
tuents of ju v e n i l e waters (Gautier, 1910), and i t may be that the 
water tapped by t h i s bore at the modest depth of 450' (and whose 
hardness i s almost n i l ) i s r e l a t e d to t h a t which i s depositing 
barium minerals i n some of the deeper mine-workings i n the Durham 
c o a l f i e l d . I t would appear t h a t t h i s Durham water may, i n some way, 
be connected with the source of mineralisation of the Alston Block, 
and therefore be j u v e n i l e i n part. I t i s of i n t e r e s t t o f i n d 
another occurrence of possibly juv e n i l e water on the Askrigg Block. 
2. NEWTON MORRELL BORE 
Record of a bore f o r a water supply f o r South Farm, Newton 
Mo r r e l l , sunk by J.T. Hymas, 1954-5. 
Core examined by A.J. Wells between November 1954 and 
January 1955. L o c a l i t y , 50 yards south of South Farm, Newton 
Mo r r e l l , National Grid reference 237093. Height 240' above O.D. 
Thickness Depth 
1. Glacial d r i f t . Top 70' i s normal boulder 
clay. Red marl between 70* and 78'. Clay 
with limestone boulders between 78' and 88'. 
Shale and clay below 88' 135' 135' 
2. EERMIAN. Yellow dolomitic limestone cement-
in g angular fragments, mainly of purple 
sandstone with some chert, of a l l sizes up t o 
3" i n length. Number of fragments decreases 
downwards, and near the base beds of pure 
dolomite over 1» t h i c k occur. 48' 183* 
3. L. CARBONIFEROUS (Middle Limestone Group). 
Yellowish-purple sandstone, abundant white 
mica. 2 f 185' 
4. Shale,- mainly dark and poorly f o s s i l i f erous. 
S l i g h t l y sandy with very small white mica 
fla k e s and i r r e g u l a r reddened patches 
towards the top. 14.t 199 * 
5. Dark shale, horizons of small f l a t t e n e d 
c r i n o i d ossicles. 6 T 205* 
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6. Calcareous shale with t h i n i r r e g u l a r shaley 
limestone bands, abundant f l a t t e n e d c r i n o i d 
ossicles. Traces of malachite i n lower part. 13' 218' 
7. Pale grey c r i n o i d a l UNDERSET Limestone 8' 226* 
8. Hard blue-grey s l i g h t l y argillaceous c r i n o i d a l 
limestone 26' 252' 
9. Hard grey gannister with roots and cberty 
streaks. 1* 253' 
Normal hard water was obtained i n adequate quantity f o r 
domestic purposes from the Underset Limestone. 
3. MOUNT PLEASANT BORE 
Record of a bore f o r a water supply f o r Barnard Castle, sunk 
i n 1951> given here f o r comparison with the record of the Wycliffe 
Bore. 
Core examined by Dr. G.A.L. Johnson. L o c a l i t y , % mile NNW of 
Boldron, National Grid reference, 033151. Height, 770' above O.'D. 
Thickness Depth 
1. Boulder clay, sandy clay and stones 79 1 79' 
2. Coarse uniform light-brown g r i t 43' 122* 
3. Banded sandy shale with plants (8') on 
f i n e l y laminated blue shale with 
plants (29'6 M) 37'6" 159'6n 
4. Soft dark shale 25*6" 185' 
5. Believed limestone and shale bands (core 
broken) 7« 192" 
6. MAIN Limestone. Some alg a l m o t t l i n g i n 
upper parts, i n d i c a t i o n of current bedding 
at various horizons. Rather u n f o s s i l i f e r o u s , 
except f o r small c r i n o i d ossicles throughout. 
Pew corals and brachiopods at base. 
Apparently s l i g h t l y dolomitic about 4' 
from base. 48• 240' 
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7. Very dark s o f t shale, r i c h i n "brachiopods, 
FenestEdillina and a few Lamellibranchs. 
L i t t l e ' c r i n o i d debris and a few small corals 2" 240'2" 
8. Rather sandy micaceous shale with scattered 
s h e l l s (4" ) on t h i n patchy coal on strong 
sandy micaceous seat-earth with many roots 
(18") l ' l O " 242' 
9. Micaceous sandy shale (1 '6 " ) on f i n e l i g h t 
sandstone (1 '9 " ) 3 f 3" 245'3" 
10. Hard speckled sandstone ( 2 1 ) on f i n e l i g h t 
unevenly bedded sandstone with shaley bands 
(50 7* 252'3" 
11. Shale with shells and f i s h scales passing 
down to sandy micaceous shale with plant 
fragments. 2' 254'3" 
12. White current-bedded sandstone (1*6") on 
sandy micaceous shale (3" ) 1'9" 256' 
13. White sandstone with a p a r t i n g of dark papery 
shale with f i s h scales 2 1 3 M 258 '3 1 1 
14. Alternations of dark micaceous shale with 
plants, and sandstone 16'9" 275* 
15* Sandstone, with shaley bands, worm tracks 
and marine shells 8' 283' 
16. Dark shale with small ironstone nodules, and 
f o s s i l i f e r o u s bands with many Productids and 
some Lamellibrancbs, also scattered plants 37' 320 
17. Very hard Underset Chert ( 4 ' ) on hard blue 
f o s s i l i f e r o u s argillaceous limey chert (3 '3 " ) 7 I 3" 327'3M 
18. Hard dark calcareous shale, extensive 
scattered fauna, including rare plant 
fragments and t r i l o b i t e fragments 3'9" 331 1 
19. Hard blue argillaceous limestone (1 '6 M ) on 
f o s s i l i f e r o u s black calcareous shale (6") on 
black non-crinoidal very fine-grained 
argillaceous limestone. 21* 352' 
20. Black shale with scattered fauna 5 '6" 357'6" 
21. Black shale, very p y r i t i c , with highest P~ 
gon i a t i t e s (Rayner, 1953) 3*6" 361 1 
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22. Black u n f o s s i l i f e r o u s shale (2'6") on 
black shale with many shells 4' 365' 
23. UNDERSET Limestone, grey and b u f f , c r i n o i d a l , 
with 9" of limestone conglomerate at 383'. 25' 390' 
24. Hard dark very f o s s i l i f e r o u s shale C3") on 
1%" coal on shaley seat-earth (2") on 
l i g h t sandy seat-earth with roots (3'5") 4 1 394' 
25. Light gannister (1*6") on a l t e r n a t i n g sand-
stones and shales with plants. 17'3" 412'9" 
26. A l t e r n a t i n g shales and sandstones, scattered 
plants, r i c h Lingula band 5'6" from top 67'3" 480' 
27. Shale, non-micaceous, scattered ironstone 
nodules, plant horizons i n upper p a r t , with 
a 2" s l i g h t l y calcareous f i n e sandstone 
at 514' 48'6" 528'6" 
28. Dark shale, with ironstone nodules and bands 
of marine f o s s i l s 11'6" 540 1 
29. Top of 3 YARD Limestone, dark, c r i n o i d a l , 
with a few productids 6' 546' 
30. Dark wavy-bedded shale, a few plants and 
impersistent coal bands 1' 547' 
31. Dark shale, many bryozoa i n upper 6", very 
p y r i t i c below 2*6" 549'6" 
32. Dark hard calcareous shale, passing down t o 
muddy limestone with a few c r i n o i d and s h e l l 
fragments, base of the 3 YARD Limestone 3' 552'6" 
33. Good coal (7") on dark sandy "seat-earth with 
roots (4") on very hard sbaley limestone with 
many productids (10") on hard dark p y r i t i c 
shale (3") 2' 554'6" 
34. Sandstone, calcareous with shells at top 8'6" 563' 
35. Dark shale with plants ( l ' 3 l f ) on f i n e hard 
sandstone ( I 1 3 " ) on hard f i n e grey sandy-
limestone ( l 1 ) 5»6" 566'6" 
36. A l t e r n a t i n g shale and sandstone bands 3'6" 570' ^  
37. Fine l i g h t sandstone, with much white mica 
on partings 151 535' 
38. Dark p y r i t i c shale 6 H" 585*6" 
39 • Grey c r i n o i d a l limestone, taken t o be the 5 YARD LIMESTONE 
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6'6M 592' 
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